The 6-fold segmented MINIBALL module : simulation and experiment by Gund, Christoph
           
		      
 


ﬀﬂﬁﬃﬂﬁ  !"$#&%('*)+%ﬀ-, .ﬂ/ !
 0!
1
2)3ﬂ-,546767!8ﬂ679:ﬂ
;<)3=49:?>A@ 2)3:ﬂ!8B 2)34679C:!8
D
!67ﬀB )7;E
'FG).2)
 0!
H
I/!9:J)K>AL 
6M>AN 04PO(!/6-4G).2)
Q
!84 0!8RS!"3ﬁ
TUCVXWCY[Z\Y]W3^_TU`
acb\d
ZGegf<hjiklmeﬃnjiV
b
lo^pU
d
i qsr"`t
u
rvlxwyY
b
tvY]Z{z
Y]VXW
|
u
WtvY]V~} r"`tZ
b{
ivY]`$hVCrPr`vWJe
u
b
-C/
 Ł 0x Łx 0 S[jj
       ¡ ¢ £ ¤
¥
+ £ ¤[Ł¦§[¡ £  ¢ ¨ © ª «+ 
q¬r­^
u

i^®Y]Vh¯V°UC±e
a
VKe
acb
VX²5³

i´
u
Zµ}
hVXUC±e
a
VKe
acb
YM^pV
bµ
i5hﬂY]Z¶^pY
# 46767!-)+2)-4%ﬃ
lprvz"}
b
^·^pY]t¸^pU¹^piY
njUC}z
b
`Y]t5º
u

rZ»^
b
Y¼lxPU/V½^piY¾
u
^prvV
u
Z¿³
Mb
Y]`

Y¼l
u
`t¸GUCV

u
^piY]}
u
^
bµ
l
UC?^ÀivY
Á
r
d
Y¼VÀ^prvlcn
u
VXUZ
uÃÂ
`
b
TY]VXl
b
^EkUC
wyY
b
tY]Z{z
Y¼V°WÄ(qsY]V°}
u
`k
GUCVÅ^piYtY¼WCVXY]YUC
a
U

^pUCV~UCÆ¾
u
^prvV
u
Z¿³
Mb
Y]`

Y¼l
Ç
  ÈÃÉﬃ¡¤+¢
¥
 Ê¢
       ¡ ¢ £ ¤[
¥
+ £ ¤[Ł¦S7¡ ŁË ¢ ¨ © ª x+ 
d
V°Y¼l®Y[`C^pY]t$zk
acb\d
Z{U}¦f<hjikl
b{Mb
l·^yJnÊivV
b
l·^®U
d
i qsr"`t
z
UCV°`
b
`  wÌY
b
tvY[Z{z
Y¼V°W­ÄJqsY¼VÍ}
u
`k
wÌY
b
tvY[Z\z
Y]VXWÄ(e8
u
k5-/C
Á
Y¼PY¼V°Y¼Y]l¬h¯V°UC±e
a
VKe
acb
VX²5³

i´
u
Zµ}
hVXUCÎe
a
V¼e
acb
YK^®V
b{
i¸hﬂY[Z¶^®Y
 Ï ﬂÊ§ŁÅ
Ð*ÑpÒﬃÓmÔoÕ±Ö¼Ò×ØÑpÕÎÖ~ÓÍÔÚÙXÛ¯ÔoÜ°ÝßÞgÔoà=Ý=ÔAá¬âã¿âä
å*æ-æçá¬èêéKëKì+í«ÓmÞîÛëKìïÑ·ÝßÞïèXÜSë¼ÜKé«ð­ñÍò
ó
ÔÚà±ÞîÛ¯ÔoÜ°Ý
ôAõ¶ö÷õ¶ø/ùúMú7ûýüpþÎß þ	
Jþ<ß	ﬀﬂﬁﬃ! #"»õ%$&vú('ﬃ) ®ü*þ* ®ü+ﬃ-,./"
01 2
01ﬂ þÎü03Eþ*4015	 6$4 þ*783 :9Pß7÷þ	®ß<;=?>@±þ	ýß8A mûýßBﬀ7®ß%ïþ	Bﬀ7Aß>@
 C"
01% DE(þ	 03F
·üF83 E5	@GﬃIHﬁJ&vø/ùúMúK"MLONCQP4R	3ü0pôSoü81/ß01 ®üT01 T01 
UN	 ß þ* WVýß þ	
 >@ïþ	X	ZY\[]"_^83®ß%ﬀ`P('+FBﬀ7¯üF03a7@7ﬃ!b
V03 VﬀüßT$.]"

µß#cd03µüe"þ	
(þ<ßf ß*@01?9f0g 03Pü01>@ h$Cµþ	78103  ®ß0Aiþ* jµß%+j@>@8301Bﬀ7QP
ù2.k>@ ýü(ü7@7 : þ* CF8 þ	01iþ]!03Bﬀ7IJþ	 T	Vü>@@X@ ZßBﬀ7cd03 ®ü01>@	01û
9f0müü032lm"_n®þ	  ¿þ	9F>@ß% þ*781Jcﬂ{ü mûm03 >	FEﬃ >@01 þ	Fo( ß F>(üü@C"
83*@03>@01 ?úp03 F03 KP
'+03q7N·ß03±þ	810 ßBﬀ7F rE V ¦üs'+4@>	 þ	 48 þ	0Aiþ*tcdµü r01 ü þ	03818301 
$.01T8 þ]03	  h
018 ßu8 ßk@Jþ	 ®þ	81Noß
üFvO@5	{ßiþ*	µß03>@ pþ*83
 ®ü0þ	 7pþ	 ýü¯ü
ﬃ >@035@0381 >W01 §üF w$.>@
  x µßFBﬀ74PCù281>@@017F yVJøß%03
T F>
üPßzﬃ03 01µßF ß§üß{l|"_n+pþ	  ß{03 ¹üF }'+@{cd{ü } Mcd03Bﬀ	81Pﬃø/"
ß	 ®üxù2Fk
Úß þ	
	01y±þ	 üpþ	9f0JüFjù2 cﬂ ®üF > ü03Pß¯ù283>	@0A7
 Ìþ	F
ü ~[]"%^81®ßWVQPTﬃ01 w&+µß þ	Fo( ß F>¬üßyﬃ01 40A ß µßüß)lm"_n®þ	  ßt5	@ 


W


Gcd{üdV0381F ®ü/,.03
 838F9Pßiþ]03>*P<ù®ß+üI&+% ß þ*Fog ß >
cd{ü 6vO@7{ß þ	>@ sF9Cü0301Bﬀ749pþ	ﬃ >@01 þ	Fo( ß F>T5@@ ?ü@F83		01>@03%"
 Æúp01 03 ?þ	9>@830AP
õM 03 FLgß,.f01 ?cd{ü 0ü03
u	983D9f0Oﬃ-,.01 4 t0A 03Pü01>@
$C þ	78103  ®ß0Aiþ*! ®üZ01 5@{ßU03 F(þ*01F 4{ßBﬀ7PF'+Iﬃ03 ®ßµþ*V<5	@ *ô¿õ¶öõ¶ø/ù­úKú
ôSoü81 D ®üﬀüﬁ#ﬃ #"»õ%$&vú('ﬃuIuXù#^8 þ*9FJPßû üF03ßdu@981
<Va8 ß D ®ü
01 E>@FEﬃO F>	03 þ*Fog ß >
 ®ühH# >@F ®üPü01@ ŁVŁV0383 KP

ÖMÔÓmÞ ñê× èXìîé«ÓÍÔoÙXÛ¯ÔoÜ°Ý Ô·é_ácâPãAâPä
å*æ-æ~á¬èêéKë¼ìgÔ?í§ÓmÞîÛëKìïÑýÝ=ÞïèXÜjÑpÜKé_ð­ñ
ó
ÔÚà±Þ ò
Û¯ÔoÜ°Ý
ôAõ¶ö÷õ¶ø/ùúMú7û@7d cqlm"MµþNßfB@Ok	Oﬁﬃ! " õ%$&vú('ﬃ¯þ	 ®ü
	7µþ<ü03 þ	B015@
9f þ	 ,.01 4µß6B@ ýß0 ß% ß6	;4= Bþ	®ßF8 þ*ümûß0A,4"k@8 ü«ß>@
 Pü>	(þ	 01

·üF83ß?	J7FﬃIHﬁJ&vø/ùúMúw>@	N<û-B83®ß%üy01 yBN	 ß þ* ßD*J76
·üF83ß
Y\[i"%^83ýßﬀ`/PLJ72701>@7ak838"M F>*N4"þ	b
B03 BN
	7÷ßfB@/þ	8183cßlm"M þN
ßfB ßB@N	-81c01  ýß01MNZ9þ	ﬀßûF7703>	76>@ þ	 48 þ	0AMNZf0A ßþT>	.oü6 >	N
Pß@81F01@ (þ*ﬂ'+	83OB@B01@ mû403 ﬀß0A#	K7#703>@7a5@83CB0AMNa	K7lm"M0A03 >
þ	B03@ ·üFBµßP
'+ þ	0381ü½ß01T8 þ*01@ ®ßZcﬂWfk	
ü{01 5@ß%01>Eþ*7Ft7Noß01B þ	883010A ß	T7F
üB@>@µþ	 48 þ*01MN®ß03 >y7ﬂß>@ S >@03Pß?þ	 ®üw8 ß/"»ß7®þ	þ	 ®þ	81Noß0 ßP3ù28A"
>@@017(ßd681.Bþ*E7FTl|" þNŁ %Nhf@03 203 Z7üB	+c
ü5@81@füQP($C/"
B0 þ	83þ* 01@ )cCþÎßDpþ	0 ü)h7ﬃþ	8103B þ]03	 W	d7Fß?þ*83>@@017(ßEh76[]"_^83®ß%
üB@P¼ù~f ß0A01@ ß@83.03	 t	ﬂ7alm"MµþN Nf@01 4	


t


c/þ<ß
@9F þ	03 Fü0þ	 ®üW/,.03
  þ	838ANh5@01üQP-03 ®þ	838ANjü01B03@ ®ßEk@7FZ F>*Ntß@83."
01@ ¿þ*d'+@81<B@B03	 Łcﬂ8üPüBüQP
ù2 s/,Ff03
 acCþÎß
f%k@
ü)03 5@Pß01>Eþ*:7@983(ß	281c<"M03  ®ß01MN)/,4"
f01  ß<01 :03 5@µßC01 (þ*03BßP.LJ7F®ß	p7 ôAõ¶ö÷õ¶ø/ùúMú>@Jþ	 F03~
·üF83ß
03 B@ ] B01@ 6cd01767ﬁﬃ! " õ%$&vú('ﬃquOu°ù#^Åþ	8381icﬂü6ﬀß@815	7Pß@9F83ﬀßûýþ
>@C·ü >	Nß	83F03@ þ	 ýü8þß03>@ 0AmB þ* 4Q9pþ	Bﬀ4>@	 ®ü2ßß03@ B@F8 ü9f3þ*Bﬀ7035@üKP
¡ÊS

âÜXÝ=àßèêé¼ëKÕ<ÝßÞgèXÜ


á¬âã¿âä
å*æ-æ 
=.P

$.fB0AmB þ]03	 ®ß?E????E????E?? 
=.P= ^Cþ	®ß83 ??E????E????E??  
=.P¡[ ^N	 ß þ*x??E????E????E??
@
=.P¢; ﬃ83B@ 03BPß??E????E????E??

;
£ ¤
ëKìïÒÔ
¤
àßèêé¼ëKÕ<ÝßÞgèXÜ
C¥
[FP

õM µþ	B03@ ýß#*lm"MµþN·ßJcd0A7AôÆþ*?E????E??

 
[FP= '+0A<	!ﬃO81B	 ®ß÷þ	 ®üŁ¦@81ß~??E????E?? =*;
[FP¡[ '+B@du8 ß?E µþ*01@ §??E????E?? [

[FP¢; LJ78ôÆþ	01 ¿õM  þ*B01@ j^@ BFS??E????E?? [@[
[FP¨ $.038 þ*03@ LBﬀ7 01©CFßª???E????E?? [@«
[FP¨.P

õM oüB03@ ????E????E?? [@«
[FP¨.P¬= Eﬃ7ùö#L­$.01T8 þ]03	 ®ß??E????E?? [
[FP¨.P[ ^Cþ*83BF8 þ*03@ :*7u	 0 þ	8 ß:E????E?? [
[FP¨.P¡; u8 ß/"%$.7pþ*?$.01T8 þ]03	 ®ß®?E????E?? ;@;
¯
Ð*ÔÚÝ Ô·Õ<Ý èXà?ÓêÞïÛë¼ìgÑýÝßÞgèXÜ¼Ò
¯

;P

õM oüB01@ ?E????E????E?? ;4
;P

P

m818A"MﬃO F>*N4"Muþ	:ﬃ!b
B01 BN E????E?? ;4
;P

P¬= '+	83d^@B01@ §??E????E?? ; 
;P

P[ LJ7FElm" þNu  þ*03@ S'+.7 E????E?? ¨@=
;P

P¡; ﬃ >	N6ﬁ#Pß@81F01@ ¿þ<ßþm FB01@ 	-u ß0101@ ﬁdß	83F03@ °? ¨	[
0
030 ±J²J³a´µO³a´-¶
;P= ﬁþÎü03®ßõM .k@(þ*01@ ·????E????E?? ¨	«
;P=.P

LJ7F$4Pß%"%$.81@ ù83>@@017 E????E?? ¨	«
;P=.P¬= ﬁ÷þ<ü0 þ	8Qﬁdß@83.03	 603 AôAõ¶öõ¶ø3ùúMú),.f01  ß ?E?? «	;
;P¡[ ù2 >	8 þ	/õM Fk@(þ*03@  ????E????E?? 

;P¡[FP

LJ7F$C03 >@81^Noß þ	8¸??E????E?? 

;P¡[FP¬= LJ7F"ù8301>@ üŁ[]"_^83®ß%¹??E????E?? º	;
;P¡[FP[ ù >@8 þ	Jﬁdß@83F03@ 01 ¿ôAõ¶öõ¶ø/ù­úMúyﬃ!,.f03
  ß}E??  =
;P¢; ﬃ-,FfBPühﬃ >	NŁﬁdß	83F03@ ~??E????E??  @«
;P¢;P

ﬃ7ß%03(þ*üŁﬃ >	Nﬁdß	83F03@  E????E??  @«
;P¢;P¬= $C03T8 þ*Püﬃ >	Nﬁdß	83F03@  E????E??  @º
»
 ÖMÔh¼ﬃð+½Jòµâ=Ó¾ﬀæ-Ð*ð  ÔoÒPÝ ð­ñ
ó
ÔÚà±ÞîÛ0Ô·ÜXÝ
C¿(
¨.P

U03 Jþ*03BPßþ	 ®üS^<ßµß2$.B03	 ®ßE??E????E??

=
¨.P= $.Ł	7ﬁﬃ! #"»õ%$&vú('ﬃqLgßﬃ-,.01 4)???E??

«
¨.P=.P

&25	 þ*838($.À????E????E??

«
¨.P=.P¬= LJ7F?'vþ] þ
ù2B©CF0 ß0A01@ ﬃ83B@ 03BPßr???E??

º
¨.P=.P[ LJ7F?ug ß0A01@ S$. ®ß01015@uOu°ù#^ E????E??
@
¨.P=.P¡; LJ7F$C>@
 PüeJþ	 F03r'+B@???E??
@
[
¨.P¡[ m þ<ß039018301MN
	-ﬁ#ﬃ #"»õ%$&vú('ﬃqﬃ-,.f01  ßW???E??
@
«
¨.P¡[FP

'+	83d^@B01@ §??E????E??
@
«
¨.P¡[FP¬= ø/þ	Bﬀ4>@@F ®üh$Cßµß03@  ?E????E??
@
º
¨.P¡[FP[ u¼þ	03B83E'+B03	 h???E????E??

=

¨.P¢; '+F@ ?õM ®üBühLg þ	 ýßk6??E????E??

=*[
¨.P¢;P

ﬁd þ*B01@ S^7pþ	  F8 ßd	g7F^<'+Á%"ML¼þ	>@Ł???E??

=*[
¨.P¢;P¬= ^ ßµß$.B03@ j^Cþ	83B8 þ]03	 ®ßy?E????E??

=	
¨.P¨ Â ø õM ®üFBüSLµþ	 ®ß%k????E????E??

[*;
Ã Ä
è°ÜKÕEìïë¼Ò ÞgèXÜ¼Ò
4¯g
«FP

ôAõ¶öõ¶ø3ùúMú ?E????E????E??

;

«FP= LJ7ﬁﬃ! #"»õ%$&vú('ﬃqLgßﬃ-,.01 4 E????E??

;	;
  7ﬂ ¡ Å [£ _
=.P

LJ78ôAõ¶öõ¶ø3ùúMú);	ÆK"_$. ??E????E?? º
=.P= LJ78ôAõ¶öõ¶ø3ùúMús^Noß þ	8Ç???E????E??

=.P¡[ LJ78ôAõ¶öõ¶ø3ùúMúÊôSoü83r???E????E??

=.P¢; LJ78ôAõ¶öõ¶ø3ùúMúy[]"%^81®ß#^%N@ ß% þ*zE????E??

=
=.P¨ LJ7 ù2 pþ*83@>@F"ôAõ¶öõ¶ø/ù­úMúyﬃO81B	 03BPßE????E??

¨
=.P¡« LJ7'+03>@0A þ	8ÍôAõ¶ö÷õ¶ø/ùúMúyﬃ83B@ 01BßqE????E??

«
[FP

úp03 þ	ù< 4pþ*03@ S^Cb
B01  ß ?E????E?? =

[FP= ﬃ >	N?úp ßµß#	-Àþ<ß#ﬃ83B@ ®ß¸??E????E?? =@=
[FP¡[ ﬁþ* >@	-Àþ<ß#ﬃ83B@ ®ß ???E????E?? =@=
[FP¢; vO81.B01MNZ-038 üŁ^%5@ ????E????E?? =@
[FP¨ ﬃ >	N?øCþ	 ýü®ß01 ŁE(þ	 01 ??E????E?? =	º
[FP¡« ^@ ®üFB01@ ¿þ	 ®üv-þ	83 B"øCþ* ®ü03 SE(þ	 01 ??E?? =	º
[FP ^Cþ	83B8 þ]03	 :	g78ôS01	#^7pþ	>	 ?E????E?? [=
[FP¡º ﬃ >	N?úp ßµß#03 Ł^	F@ S$.B þ]01 >E????E?? [¨
[FP¡  ﬃ83B03BE-018 ü601 :7'+B@ ??E????E?? [@º
[FP

ﬃ83B03BE-018 ü601 :7'+B@ ??E????E?? [@ 
[FP
@)È
03>@703 >aug	 40 þ	8p*7?^@·?E????E?? ;4=
[FP

=
È
03>@703 >aug	 40 þ	8p*7?$.>@
 µß E????E?? ;[
[FP

[w$ýþ	
83+uOF8 ßPß*7?^ 2þ	 ýüŁLJ7F$.>@  ß ?E?? ;4¨
;P

u03B*7þ	 ?ù28103>@ Fü[]"_^83®ß%÷þ	 ýüAþ* h&+ ."L]þ	>@#[i"%^83ýß ? ;º
;P= $.038 þ*ü'+B@dﬃ!b
B01 BN ??E????E?? ;º
;P¡[ '+5C0 þ]03	 :	ÉÊ ?E????E????E?? ¨

;P¢; LJ7	03Bþ	8gEµþ	 48 þ*01MN
???E????E?? ¨

;P¨ lm"M þN:u Fµþ*01@ S'+F7ª???E????E?? ¨	[
01030
015 ËpÌ%¶(´w²dÍsÍ-ÌÎ
ÏÐ#µI¶
;P¡« Eµþ	 48 þ*01MNZ'+f ýü 2'+@81d^@B01@ z???E?? ¨@¨
;P LJ7?$Cfß%"%$C83@f ù283>	@0A7 ??E????E?? ¨@
;P¡º ^@8 þ*01@ 69Mc Ł7ﬁ÷þ<ü03ýßþ	 ®üÑÒ1ÓÕÔMÖ× ???E?? «

;P¡  ^@838103(þ*PüJõM þ<ü0 þ*01@ 6	]þ
$.03 >	83 ôSoü81 ???E?? «=
;P

ﬁþÎü03®ßdﬁdß@83.03	 6	7?$Cfß%"%$C83@f ù283>	@0A7 ?E?? «=
;P
@
LJ7ﬁ#k B'+F7r????E????E?? «	;
;P

=_õMµþ<ü0 þ]03	 E@
%N°????E????E?? «@«
;P

[zﬁþÎü03®ß_"MLJ01+^@8 þ]03	 ???E????E?? «@«
;P

;$.038 þ*üﬁ÷þ<ü0 þ	8Qﬁdß@83F03@ °??E????E?? «@ 
;P

¨xu ß0103@ '+ ®ü +$.>	 4ﬁdß@ ýß	[þ
$.01 >@81 ôSoü83 ?? @=
;P

«w$.>	 4­ôSF81018301B0AMNDk@þZ$C03 >@81 ôSoü81???E?? *;
;P

z^@8 þ*01@ 6	g7E83	>|Y]Ø ÙMÚ.Ø ÛÜÞÝ
Ø Ù\ßFØ ÛÜÞÝ
`"»ù83>@@017 ???E?? 	º
;P

ºw$.038 þ*ü*ù >@8 þ	Jﬁdß	83F03@ *õM ®ß0 ü7?$.>@
 ­?E?? 	 
;P

 ½ôS þÎßüÆù >@8 þ	Jﬁdß@83F03@ ?õM ®ß0 ü7?$.>@
 ?E?? º

;P=

^@8 þ*01@ 6	g7E83	>|Y
Ø Ù
ß
Ø
ÛÜÞÝ
Ùáà¬âAã
`þ	83>@	017ä????E?? º@[
;P=

ôS þÎßüÆù >@8 þ	<ß	83F03@ 	g7E81@>|Y
Ø Ù
ß
Ø
ÛÜÞÝ
Ù
à¬âAã
`Cþ	83>	@0A7 E?? º@[
;P=@=xu ß0103@ '+ ®ü +$.>	 4ﬁdß@ ýß	7 ù28103>@ Pü[]"%^81®ß  º¨
;P=	[z'+F7."%^	BüSu ß0101@ ."M'+f ®ü +$C>@
 #ﬁdßf@ ®ß E?? º@º
;P=*;wu ß0103@ '+ ®ü ôSoü83Eﬁdß	 ®ß	g7 ù28103>@ FüŁ[]"%^81®ß?  

;P=@¨z$.>	 4þ	 ýüÆôŁ·üF838ôS8A03F8303B01MN§?E????E??  

;P=	« ù2 >	8 þ	<ﬁ#Pß@81F01@ ¿þ	 ®ü?ù2B"¶úp >	7Sﬁdß	83F03@  ??E??  	;
;P=@z$.038 þ*üug ß0A03	 ﬁ#Pß@81F01@ ä??E????E??  
;P=	ºw$.038 þ*ü'+@F83%"%^	Bü6lm"M8301 ß E????E??  @ 
;P=	 w$.038 þ*üﬃ >	Nﬁdß@83.03	 Z??E????E??  @ 
¨.P

U03 Jþ*03BPß<	g7u03Bﬀ4Sﬁ#þ	B03@ ýßE????E??

;
¨.P= '+01å 0 þ	8p^ ßµß$.B01@ ®ßd	a" ß9ýß þ]ßD???E??

¨
¨.P¡[ LJ7EL]þ*>@+^7®þ	T9f????E????E??


¨.P¢; 'vþ* þùB©40 ß0103@ Łﬃ83B@ 01Bß??E????E??

 
¨.P¨ ø þ*ä$.f	d??E????E????E??
@
=
¨.P¡« ôS þÎßühﬃ!b
B01 BN	]þ$C03 >@81"ôAõ¶öõ¶ø3ùúMújôSoü81®?E??
@
;
¨.P ôS þÎßüFþ* ®üh$C03T8 þ*Pü6'+@F83#^	B03@ G???E??
@

¨.P¡º øCþ	Bﬀ4>@@ ®üSﬁ#PüB03	 Łcd0A767uOu°ù#^ ????E??
@
 
ËpÌ%¶(´²JÍsÍ-ÌÎ
ÏÐ#µI¶ 5
¨.P¡  u	@ S$.B}	g7FLg81ßB@f'+B@+???E??

=	=
¨.P

u	@ S$.B}	g7F$C038301B@ :'+0 ßBE'+B	 ??E??

=	=
¨.P
@
'+@81_"%^@BPüuOu°ù#^I"_"þ*üæJþ	 F03 $CB 	y7
çMè
$éê­Yë^<'+Áﬀ`_ì
ﬁd þ	B03	 QP·???E????E??

=	¨
¨.P

=x'+@81_"%^@BPülm" ß03 F>@83E$CBík@d'+0AåK #U03 F(þ*01BßP?

=*«
¨.P

[xúp5@8$.Bﬀ7
E	
ç_î
$Pä????E????E??

[

¨.P

;w'+@81_"%^@BPülm" ß03 F>@83E$CB}	g7
çMè
$éêqÂ øﬂ?ﬁd þ*B01@ QP

[@¨
¨.P

¨xïaﬃ!"Mﬃz$.fBFí	-7
çMè
$éê Â øﬁd þ	B01@ QPð???E??

[	«
¨.P

«z'+@81_"%^@BPü­L83ßB@f"_"þ]üÇlm"»ßBµþz	7
çMè
$éê Â ø
ﬁ#þ	B03@ KPª??E????E????E??

[	«
¨.P

xﬁ#8 þ*015	u@F8 þ*03@ Łu	9pþ	901830103Pß	g7ﬁd þ	B01@ 
çMè
$éê Â ø*P??

[	 
5C0 ËpÌ%¶(´w²dÍsÍ-ÌÎ
ÏÐ#µI¶
  7ﬂ ¡
Ç
ŁÏ ¤7
[FP

$C þ]0 ß%01B þ	8E-81Bpþ*03@ 	T7)ﬃ >	N~öüPüñk@SﬃO81B	 ."_¦#@83
u]þ	01duoüB03@ ®?E????E????E?? =*;
;P

ôS8A03F8303B01MN"_'+ ®ü 4/ù2 >	83vù­ß{ß01>@ 
  ???E?? 	«
;P= ôS8A03F8303B01MN"_'+ ®ü 4/ù2 >	83vù281>@@017Fðk@<7[]"%^81®ß ??  @[
¨.P

$C@ >@Pßdlm"M8103 Pß<	g7
çMè
$éê­Yë^<'+Áﬀ`_ìaﬁd þ	B01@ QP??E??

[

¨.P= ^ ß{ß$.B03	 ®ßJk@<7ug@8 þ*01@ 6	
ç_î
$S$.01 >@81vöF@ h$4 þ*ß~?

[@=
¨.P¡[ $C@ >@Pßdlm" þ	 ®ß0103@ ®ß<'+BüŁ03 67ﬁd þ	B01@ 
çMè
$éê
Â
ø	PÇ?

[	º
5.010
5C03010 ËpÌ%¶(´w²dÍ®´Fò+ó<Ë(µI¶
  7ﬂ ¡
¥ªô
 Ï ¡¤7
ù+'E^ þ	 pþ	81@>*"*"»üF03>@0A þ	8B@ 5@
þ<ü®üF9pþ	Bﬀ 7þÎü®ü9pþ	Bﬀïþ	B@-0 ß-7F< 7®þ	 B ïþ	B@-	|7J!ﬃOub
B01 BNT	°þ^81®ß
üB@ü
03 %"oü81" ßB þ]01 >T!ﬃOﬃ7ß
Yïù83>P

` 83@>|Y Ø Ù Ú Ø ÛÜÞÝ
Ø Ù ß Ø
ÛÜÞÝ
`Cþ	81>@@0A7~k@þ	 F>@8 þ*<m 
 
Yïù83>P=@` 83@>|Y
Ø ÙëõmØ ÛÜÞÝ
Ù àâ1ã
`Cþ	81>@@0A7~k@þ	 F>@8 þ*<m 
 
^<!' B@ ®ß% þ	 dk þ*B01@ ?ü0 ßB03
03 pþ*@
ö ü0 ß% þ	 B9Mc cþ	 03  þ	B01@ Åþ	 ®üw7B 48303 F*7FB@7@81	?7
>@Jþ	 F03ðoü81
öZ÷ ü0 ß% þ	 B9fMcﬂ :7#mµß%01 µþ	B03@ (þ	 ®ü
7B 48303 F	7B@7F@83#	K7
>@Jþ	 F03ðoü81
'E$Fu ü03>@0A þ	8Xß01>@ pþ	8KCBPßµß	
ﬃ-Ê  >	N6*[þDlm"M þN
ﬃ-Êø4Óúùû l|" þN: >	N03 67E8 þ	9f@ þ]@%NJß%N·ß%
ﬃ-ÊøCü l|" þN: >	N03 67 ßNoß}	g7lm"M0A03 >T 4B83®ß
!ﬃOﬃ k838"M F>*NZ5@ 
!ﬃOu k838"M F>*NZf þ	
!ﬃL m8 üŁåKBdµþ	 ®ß0 ß@
]õ_g& mµß%"M01 6mµß%"M	Fd	N
!uIvù m8 üŁF@>@µþ	
Jþ	9F832> þ* þ	 þN

È
¦­ô k838"cd0 ü.7*þ*d7®þ	81g(þ],.03T
¦2uI 703>@76F0AMN6>@Jþ* 03
R*ýþ  ."7Ł/,.B01üŁ835@8(	]þD 4B81®ßdcd017Aþ
ß03 jRﬀþ* ®üÆþDpþ*01MNÆ
ôAù Jþ	01 ?þ	
830Am
ö+$.ﬃ  01>@749@F03 F>TMc*" ß>@ 5@ 4
&E$Fﬃ @ " ß>@ 5@ 4
uOu°ù#^ pþ	 þ*83838K8 þ*þ5Îþ	8 þ	 Bﬀ7EB@ 
®ß pþ	03B83ß÷ßB@ ®ü
uI$·ù 8 ß" ß7pþ*"þ	 pþ*81Noß0 ß
ß
n"5Îþ	83F+	g7E 4B81 þ	d þ	B03	 
 
ø Bﬀ7pþ	>@E8 ßE	7E 01>@749	ß>@ #cd0A767F81c#01 ®ü/,
 
Bﬀ7pþ	>@E8 ßE	7E 01>@749	ß>@ #cd0A767F7F03>@7d03 ®ü/,
 
Ò1× Bﬀ7pþ	>@E8 ßE	7E %N*k B8ß>@ 
  þ<üF03®ßJB.@{ü03 ®þ*01 :7E>@(þ	 03F¸
·üF83aYû
	Mû`
2ü lm"M þNZ %N þ<ü01®ß
÷ mµß%#03  þ	B03	 6 þ<ü01®ß
1×  þ<üF03®ßB.@{ü03 ®þ*T*ﬂ7a@01  ûKcd7D7Falm" ü03B03@ e01 {ßB ß
7Ek B?F8 þ	 1×
(ù
þ
Jþ*03 603  þ*B01@ 6 þÎü03®ß
ÑfÒ3ÓÕÔMÖ/× LJ03
2ﬀßPßß83	
Ld'E^ 01/"]"»ü01>@01 þ	8mB@ 5	
Ld·ù 0101 >m8Aþ*8101m
 ü.7ŁBC@µü01 pþ*03 67E>@(þ	 01r
oü83DYû	Kû`
*÷ mµß%#03  þ	B03	 *üF7

*÷ﬁﬀ þ	 6mµß%#03  þ	B03	 *üF7
3× k B"üF7Ł03 67F>	(þ	 01¸
oü83
ﬂ
	 þ	8QB ß{ß÷ßB03	 
ﬃ 
ﬃ !
ü01å 0 þ	8KB ß{ßßB03	 
"
þ	9®ß@83Fvþ	V03TF7?þ	 >@81+
 þ<ßPüŁcd0A76PßfB#D79f þ	¹þ],.0 ß
"$#&%
þ	9®ß@83F þ	 >@8103 67FB*P¡ŁP®ß%N·ß%
"(' )*
þ	9®ß@83F þ	 >@8103 67F8 þ	9f@ þ*@Nﬀß%N·ß%
ÉÊ 8 þ*015@þ	 >@81+9Mc j7vü01B01@ 6	gl|"
0 ß{ß03	 *þ	 ®ü67FEo03>@7
ü03B03	 6	7E 4B81®ß
	 þ	9®ß@83F	8 þ	þ* >@83
 þÎßücd017ßfBD7E9f þ	þi,F0 ß
	 þ	 >@81+BC@{ü03 pþ]03 67E>@Jþ	 F03ðoü81aYû	Kû`
	fü þ	 >@81ﬂB.	µü01 pþ*ﬂ	m7F<	03 cd7F<7lm"»üF03B03@ ?03 µßBµß!7
üB@Jk	 4 þ	8Q8 þ	 
	p÷ mµß%#03  þ	B03	 ?þ	 >@81
	+1× þ* >@83ZBC@µü01 pþ*:	#7f@03  ûgcd7676lm"»ü01B01@ y03 µßB ß
7Ek B8 þ	 ,-3×
	+.kÔ_ù1Ò3× þ* >@83­B.	µü01 pþ*­	9F þ	01 üäk	 7FG9pþÎß03B þ	 F>@83cþ<ß{ß01>@ 
 
þ*83>@@017
	0/
þ
× þ* >@832BC@µü01 pþ*@9F þ*03 Pük@ þ* Æþ	 F>@83+m F
 þ*83>@@017
	-YîôÆþ],$.>4` ß>@
 þ* >@83ð	w7F¹ß>@
 ·cd017À7¸Jþ],.01T  F>*N
üFf ß0A03	 
	-Y\$.>	8303 F` þ* >@83ä	7 ß>@  þ*03@  8303 F}9Mc  Mc  01>@749	01 >
ß>@
 µß
cﬂ03>	74ü1	-Y\$.>@8103 `  >	NWcﬂ01>@7Pü{
 þ	 )5Îþ	81:	d7:Mcß>@
 ﬀþ	 >	83ß	dMc
 F03>	7C9f@03 >
ß>@
 µß
 Łª ÊÌ 2
j_¡ ¢ £ Å§[¡
&+I ®üµß þ	 ®ü01 >T	K 4B81 þ	3ßB­þ<ßOcC Fic0AI·ü®þNa0 ßﬂ8 þ	>	81N9pþ<ßü:@ Jþ
83010APü*ß2	 4B83043:7 ß þ	d75<þ*8383N6	]ß þ*9038101MN?þ	 ýümûmﬃþ
B þ*03 Ł,C 4û
7FT*@ e03Bﬀ7e 4B810\PK¦#icﬂ5	E7
þ*7@03B þ*8-þ<ß	 ®ß
Yîþ	 ýüe
>	03 >:/,4"
f01  þ	8Q5C0 ü B`Jﬀß®ßfB27pþ*d 4B810pBþ	 S9fïþ	ü0AåK # 0101ß<ïþ	÷þc/þN
k	 ß þ	9038101MN	PLJ7/,.83@µþ*01@ 	-7 CFB83þ	#8 þ	 ®üýßB þ*ïþ	_"M	åe75Îþ	8183N:	]ß þi"
9018301MN?7pþ<ßO7Fk@#9fB	J7Fpþ* þ	
@ OBﬀ7pþ	8183 >@Jk@O 4B81 þ	O7Noß01BßPCLJ7#	N
7F
ßJ	p70 ß<ß þ	Bﬀ7cd0A76/,F*03B2 CFB830mþ	657089$:;5<>=?8A@CBD90<+EGFH8 @I90JKEMLN:;55O8G=/þ* ®ü
5708P@I=GJRQ;J9S@CB5708P8GFH8GLT8G905UP
LJ7÷ß®üFNa	 4B81@ 01BdJþ*0 ß+þk ®üpþ	
  þ	8ïþ	BI	K	+ß þ*Bﬀ7?F ®ü{ß þ	 ®ü
7F 015	{ß	PFLJ7E03 5@Pß01>Eþ*03@ :*F ®ß þ	9832 CFB830Q9 þ	BßJ(þ	 N: csþÎßfBµßJ	
7F0 ßI©CFßP·õIkCB®ßß	 7F/,F*03B#@03ßI	p81.<ß8AN"M9f@ ®üa©4pþ	 F¦ß%Noß(ßPû
	 Wcd0A7) cð>@@
01ßûKßFBﬀ7§þÎß 4B810Icd017W>@0 þ	 ?7pþ	81 ß@8ß403 ýßT	J F@ 
(þ*ûßþ* ®ü@ ?>@03@ ýßg* 4B8104cd0178ßB0 þ*8oß%B/þ	 ®ü2ß%NC
03PßP
È
/,FfB
? B@  cw7pþ<ßßﬂ	p 4B810ÀßFBﬀ7?þ<ßﬂ Fc½ß7F838Àß%FBFßCþ	 ®üZ FcwB	8383B015@

·üPßPLJ7D8103(þ*>@Eþ*8-0 ß7D ýü{ß þ* ®ü03 F>Ł*I7T 4B83ýß8þÎßvþZm 0AT(þ	 N"
9f·üFNß%NoßSPÎöFB830ïþ	gk@¬ß þ	9018301MNþ	IBB0 þ	8#70 ßg ®üþ5	@[ß03 Bﬂ7FN8þ	8381c
®ßIþ*8101N þ* ®üZ0 ß@8 þ*#pþ	%03B8 þ*+þ<ßfB ß<	K703  þ	B03	 ®ßﬂ9fMcﬂ  CFB83@ ®ßPû
8301	vß7818pB83<ßßû7 ük	(þ*01@ 6	 CFB830Øûpþ* ®ü	@ ." F@ Łpþ	0101 >P
ﬃ-,.	01B: 4B810J7pþ5@?þ*  @@ýß
þ<ß@F74Noß03B þ*8J815Îþ	 B	P!LJ7FNÊþ	:(þ	03 8AN*"
üBüx01 {Bþ* þ*B81Noß01B¿ß%838 þ*D,.83<ß03	 {8103	¿ßF 5Îþ	<ûI9F(üB þN03
Pü0 þ*8AN
þ*c/þ	{ü®ßPýôÆþ	 N	Q7F2 4B81 þ	Iþ	B03@ ýßﬂ01 Jß818 þ	O 5C03@ 
  ßPû.®þ	03BF8 þ	81ND01 
5C03@81 E,.81 ß0A5@a5	  ßPû01 5@@8A5@a*@ 0þ	 ®ü .	 tBþ	FF
CBPßµßPß7pþ*8þ	

= ±WV#òMX2´µOÐZY;[ŁÌ_³D´Ð²]\Ï±#´gÌ²J³
ß ®ß0A0A5@D9f	767vßB*g7 ®ß% þ	9F83 4B810p01 45	@815	ü¿þ	 ®ü6T7f"
 þ]ßûXü ®ß0A03PßûXþ	 ®üŁ01/"»ßBþ	83Pßd	7ßFBﬀ7h5	  ßPQLJ7@@>@7SC Ficd81ü>		/,.	01B
 4B810Oc	8 üW74®ßB@  	ﬃþŁ(þ	Îþ*983
03
5	
 ?k	?@F? ýü{ß þ* ®ü03 F>h	
7FßNC 7Pß0 ß*I7T83
 µßþ	 ®üh7FT pþ*D	7ß% þ	{ßþ	 ®üh7F0325@	83F03@ ﬂþÎß
cﬂ838_^úU
þ	m @ºa`ëP
öFB83þ	
7N·ß03BPß:Pß þ*Bﬀ7zcd017q,.	03BŁ0 ß	@fß©CF03PßZ c ,.01 4 þ	8JBﬀ7."
 01©CFß þ	 ®ü)ïþ*B03810103ßPMù­ßßBﬀ7{ 4B830CüBþN)cd01703 )81ß{ß7pþ* §þS01 C.<û010 ßT01a"
f ßµß03981tFoüB þ*>@ ßDcd017{/,F*03BŁ 4B810\P7õM {B@ ®ß©4 Be 4B81 þ	a7Noß01Bß
,.f03
  ßcd017t 4B830!ïþ	%"	åß% þ	901830AMNFþ	8AcCþNoß03
8301ß2/,.03
 µßEcd0A7 þ<üF03*"
þ	B015	a9þ	(ßPpLJ7
oüB03	 *<,.	03BD 4B830O7pþ* ®ß03 þkµþ	>@
  þ]03	 e@þ
pß{ß03	 Wþ	B03@ KPêùr7þ5CNt 4B81®ß2þ	 ®ü¯þS8301>@7E 4B81®ß?B@81830 üF þ	 ®üt7ak þ	>@
 µß
	#77þ5CNs 4B83®ßJþ*®ßPü{k@T7oüB01@ s	7?ßB@ ®ü®þ	Nsµþ<ü03 þ	B015@
9f þ	ﬀßPLJ7F8þ	EMcﬂ
Jþ	01 601 B0183Pß
·üFB ßBﬀ7S þ<üF03Eþ	B0A5@9f þ	ﬀßb
õM kµþ	>@
 " ß®þ	 þ*@Y\!ﬁ$`(ïþ*B03810103ßp8103*I7J!ﬁ$2þ*!?$oõ
÷
7 þ54N 4B830c3®ßpþ	8181N
83þ<ü@?F þ	 01d3ﬂþ	(þ	BB81 þ]ütŁ8 þ*0A5C0 ß03BD >@03Pß?	J[
@
ôSvAef¸B@ß_"
f@ ®ü01 >*þ5@83CB0AMNj	WghjikAl

«@¨.PfvONŁ701BﬀSFoüB03@ S þ	>@µßDYKm>c*B
Á
`
	mþ8103>@7O(þ*0 þ*8c3MN.F03B þ*8381NT9NC838103n3 þ*#®ßPük@7F#kµþ	>@
  þ*03@ a þ	B03	 
þ	 ®üÊþh9f þ*ÀB	 4 þ	03 F03 >j5Îþ	03@ýß403 ®üýßD	dk þ	>@
  CFB830<0 ß@9F þ*03 PüQP
È
0A7)7F
þ	0 ü
*êþk þ	>@
 +ßpþ	µþ*	I	 	I
@YáBCBﬀ þ	018m9þ	Z`]üß03PüZ/,F*03Bd 4B830|Bþ	 
9f+,Cµþ	BüQP'+f ®ü01 >T@ 7ß81Bü81
 þ	 ýü:0 ß	@f5	%N:83c½ßB	 ®üpþ	%N
9f þ	01  ýß0103Pß	Q@ F81N
þkcqpþ	%03B83Pß-ßB@ ®üZ(þND9f# B	 üQPCLJ7#703>	7
 F>*N6	g703(þ	N9f þ	r ®ßPß#7pþ*J7F"ßB@ ®üpþ	%N9þ	¸0 ßCß03818K8 þ*015C0 ß%01B<û
N@þ"ß9®ß% þ	 0 þ	8f >	N(ßF þÎü*þ	 ®üB@ ®ß0 ü þ	9F83÷ßB þ]01 >	K79þ	~pþ	03B83ß
0 ßa B@F 4üQPILJ7Ł703>@7y5	83CB0AMNy	#7¿ßB@ ýüpþ	Ns9f þ*&þ	8381cßT03 5@Pß01>Eþ*
0 ß		Pß2	+þ* 4N¿üPß01üe83 4#cd017ﬂþ8101k03
vücd h983c
Ao
ßþ	 ®üj
01 ß
7FD®ßa	ﬂ,C
8ANj7F03Bﬀj þ	B01@ h þ	>@µßûmß67pþ*ßFb
B01  þ*B01@ e þ]ßEBþ	 
9f ®ßFüS5	 Sk	J,C
81N:83c®9f þ*í03  ®ß0A01ßP
m@Jk þ	>	 4%"»ßpþ	µþ*01@ ,.f01  ßd7"üB03	 j	!79þ	}pþ	%03B8301 Łk@ 
	I7D þ	>@"þ	 ®ü9f701 ®üt0 ßB®ß%@(þ	%N ûQf0A01 >Z7apþ	03B83T0 ü 0AmB þ]03	 e94N

 þ<ß01 >67a01D	ﬂom03>	748þ	 ýüt7F >	N83 ß{ßE03 7
pþ	%03B83
üB	µßPgLJ70 ß

7F·üh0 ß+B	F8 ß	NŁk@2/,Ff03
  ß+cd0A7eB.Bﬀ þ*038-9f þ*(ßPKLJ7D701>@7h9f þ	ä5@/"
83CB0AMNFþ* ®üe7a8 þ*>@T >	Nﬂßþ<üt01füFTpþ	%03B83ßB ßB@Nþ	 ®ü©403 þ	 
prqtsﬁusrvvuKwxIy&z|{(zK}
~a
wxs
G
s

z

uKwx
~aaIŁ
y
K
u{Ky{
[þ<üpþ*FPüq,.f03
  þ	8ßF{k@Dlm"MµþNÊßB ßB@N@P3ù­ßa7Ł
01Pülm"MµþN·ß(þ	
ß@ F>@81N'+@F838ß701üjþ	 ýüt7F: >	Nßþ<üy@ 8ANþ	8381icß8þS
oüµþ*
 >	N
Pß@81F01@ mû4701>@7:b
B03 FBNﬃßB01 403818 þ*@Jþ]0 þ	8 ßﬂ8103*­öþ<õ-þ	Jþ	01 81Naýßü?þÎßlm"M þN
üB@{ß­þ]#!ﬁ2$Zïþ	B03810101ßP
LJ7ßB@ ýü®403 ®üw	ïþ	B03830AMNssoüB þ<ü01Eþ	B015	h9f þ	ﬀß60 ß?þ	 w0 ß	@ﬂßpþi"
 þ]@ïþ	B018301MNsYïõ»ß*@f6$.pþ	µþ*@T&+ púp03 Îû¼õ%$&vúg`P-¦:(þ<ßµß015	 þ*>@ ßT(þ<ü
	
7þ54N(þ*0 þ*83h	P¢>P(83 þÎüt@Eµþ	 01j3ﬂþ	a9f@T9pþ	{üü9N8301>@7E CFB830+ßBﬀ7jþÎß

v		 ®ßPÚù­ß/þ	 
,ýþ	
83dk@+ßBﬀ7ﬃþïþ	B03830AMNDﬁ#ﬃ! "»õ%$F&ú('ﬃ
Á
û7Fµþ<ü03 þ	B015@
9f þ	·/,Ff03
 /þ*O70 ß*@fß®þ	 þ*@ïþ	B01830AMN
þ*^<ﬃOﬁö
ç
Yïõ%$F&ú('ﬃI`Gûcd701Bﬀ7Z0 ß
ßBﬀ7Fü81ü:2ß þ	@f þ]03	 01 (ß
=
@	
ûcd03838m9f­üFßB019Pümû·ß03 B72 4B83 þ*
7Noß01Bß>@@ﬂþ*vôju7õë"_UME0 ßß@ >	81NŁ03 5@	815@Püh03 S7üF5@83@F 4vþ	 ®ühB@ ®ßB/"
01@ 	g70 ß<ïþ	B018301MN	P
LJ7s7þ54NÇ 4B8309þ	ñ03 wkµþ	>@
  ßPû2cd701Bﬀ7 üF01å®ßs@F*
7y þ	>@þ* ®ü
þ	*ß03füs	åq@ 683B@ mû7þ	BB83µþ*Püy«

	vû+þ	 ýüSßpþ* þ*ü03 Êþh(þ<ßµß_"
ßpþ	µþ*@P(LJ703

 FüFü)k@7F0 ßCBPßµß8103
01µß27
 4B8103þ5<þ*038 þ*983D01  õ%$&vú
ïþ	B03830A01ßEh7F ß6cd017ÊþﬂüBþNW03
Z*2
@7pþ	 m

ﬀßPm%7
@ﬃß@

81
  ß÷þ	 	þ5Îþ	038 þ	983­þ*÷þ	818êþ<ß<7F03üF01å®ß01@ @Fd	g7 þ	>@#0 ßJ03 F70390APüQP
õM :ﬁ#ﬃ! " õ%$&vúg'ﬃ7#,.	03B# CFB830Xþ5Îþ	018 þ	9F83k@ 7Fßpþ	µþ*	3þ*d7 ﬃþ	BBTC"
8 þ]üe01 þ: þ*mûKBﬀ7pþ*>@a9üFü03 þ	 ﬃ+ø/õ%$=ûêþ* ®üem pþ	8181NÆþ	BB83 þ*üe6 >@03Pß
	d)=.P=ﬂôSvAef Ygni
k
ä«F¡º,a`P-ﬃ5	 s701>@7? >@01ßD	dF)¨FôŁv6ef
YgS


`þ	?8 þ	  PüŁk	#kF,.f03
  ßPKH# 8301	k þ	>	 4÷ßpþ	µþ*	#ïþ	B03810A"
01ß õ%$&vúïþ	B03810101ß?5C0 ü701>@7s©4pþ	830AMN)9f þ	ﬀßDcd017_þh5@N83cr >	NÊßþ<ü
þ	 ®üAþ(ß7pþ	SkCB®ßPûpß7pþ*#03 Ł03 B0381 þ	838mßB ßB@01B.	8 ßü5@81@füjk@J 4B/"
83þ	7N·ß03BPßD,.01 4µßcd017¯ß% þ	981Z9f þ	ﬀßBþ	 y9fﬃþ	F8303PüQPKøF03 )B@  þÎß
ß þ	981e9þ	 /,Ff03
  ßPûcd77e9f þ	 03  ®ß0AMNx0 ß6®ßpþ*8381N{83010APüq9Nx7F
(þ],.03Tüpþ] þ
þ	B©CF0 ß0A01@ : þ]+	(7,.f01 J01µß8A¶û.	 	(72903>@>	ß<@9C"
83(ßE	þ<ßF
 µß?cd017tµþ<ü01Eþ	B015	
9f þ*(ß"þ	
781c9f þ	01 4 ®ß0103ßPMù<
ﬁ#ﬃ #"»õ%$&vú('ﬃcß þ*983:83 4µßcd03818ﬂ9f?þ5Îþ	038 þ	983Dcd0A7y9f þ	æ03  ®ß0A01ßT	#)

÷áü
9f þ	§pþ	%03B83Pß2fvßB@ ýüQPpLJ7ßa03  ®ß0A03PßüB8301 T9NþZïþ	B@2	l?=

k	
ﬁyG

yGwO{

sWsy

sr;s
K
s

{y {(
It>Łt 
¡?¢
s

{

s
 +~aK
¤£srs


G~a
v
y¥(sﬁwxas

wxIsW¦
~
wCvr£sy

s
§¨
y ©ª+v
y

w«©¬

u{

{
~
{4zK}
~a­
s

Ix®¯u

«
¯°
s

asrvs

±
 
vsﬁwC{
KG
sy
²G
u
G~a
wCs
; ±WV#òMX2´µOÐZY;[ŁÌ_³D´Ð²]\Ï±#´gÌ²J³
5	%NW 4B83	 ¯ß¯þc/þNk@7
5Îþ	8183Nh	/ß þ*9038101MN@PÍù­ßþ* t/,®þ*81D7(ß þ*Bﬀ7
k@O7³´E=

ß7838|B81 ßF201 (ß·üF03·0 ß	@Pßﬂ0 ßOPß ü¤b
È
7F0383
Á
Göþcd017	 81N
@ ,.BPßµßI F@ a0 ß-·üFBüDcd0A7 þ+ þ]<	¨CP¬¨e
;µ
ß
øm÷
û	7<f ßµß03981Cß7838.B83<ß
81
 
ç
÷
ö­þa0 ßJ	 81NZoüBücd017¿þa þ*	-«@«
ß
øm÷
P
LJ7a,C
8ANh81icG9f þ	01  ýß0103Pß+,.fBük@+7D
 ß%E,.	01BD 4B810©403
þ	 s,.f03
  þ	83ß@F03
03VPüWþ*Bﬀ7035@9*7y701>@7yþ	B03@ yµþ*Pß þ	 ®üs703>	7
üB01@ b
B03 BNzcd0A7	FŁB@
	0 ß03 F>)Pß@81F01@ QPJ¦#03>@7wPß@81F01@ zpþ	%01B83
ßfB ßB@NSF5C0 üPß# F017d701>@7þ	B03@  þ]ßd 	þ
701>@7?üB03	 SbB03 BN<û
þ<ßI5@%NZ703 
 þ	>@µßCþ	 ®ü67F03>@7ß@83.03	 JßfB@µßûCcd703Bﬀ767®þ5	vþ2ßJþ	818Xþ	 >@."
8 þ*þ	BBF þ	 B<û°þ	©403üQP
õM )B@  þÎß û(lm"MµþNßB ßB@NWcd0A7þŁ703>	781NbB03 42üB@
þ* þN	å{ß7F
f ßµß039018301MNDa®ß8 þ]015	8AN703Bﬀa þ	>@µßYá01 6B@
pþ	0 ß	 Zcd017 þ	>	 ßﬂk@<pþ	%01B83
ßfB ßB@N` û-cd70183aJþ*03  þ	01 03 F>6,.B8383 TPß@81F01@ QP(¦#icﬂ5	
üFŁ7703>	7
5@83CB0A03Pßd	-7? þ	B01@ SFoüBµßûXþa703>@7F81N6>@µþ	 48 þ*üB@þ* þN60 ß FüFüh01 
@{üJﬀþ5@	0 ü¿þ
81 ßµßJ*-ß	83F03@ *üF'+	83J9 þ<ü F03 >P
LJ7 ß01 >@ Jb
B03 BN¿þ* ®ü6>@ þ* CF8 þ	01MN©401 4µß<k@lm"MµþNﬃüB@{ßd®ßPüS01 
 þÎü03Eþ*B0A5@T9f þ*,.f03
  ßB@8 üe F	E9
ßµþ*0 ßmPü94NFß þ* ®üpþ	{üüFB@+Bﬀ7."
 @81@>	N	Pp¦ Ba7(ôAõ¶ö÷õ¶ø/ùúMúx]BT^¢ﬃ9f I`c/þ<ß"ß þ	ü03 

 @ ¨CPQLJ7(þ	03 	
7F0 ß]B?cCþ<ß7ﬀü5@81@
 T*þŁ>	(þ	 01 üB	þ	 þN0 üþ	838ANFßF01Pü
k@<lm"MµþN*ßfB<ßB	4N¿þ]õ%$F&úïþ	B01830A03Pßﬂcd0A7¿þD9þ	¸5@83CB0AMN6	Ł¶gtl

P

P
õM Z/,.03
 µßﬂcd017/,C81Na81icx9þ	·03  ®ß0A01ßI01O0 ßI®ßpþ	838AN
ü0AbB81O2üElm"
 þN2ßfB ßB@NDcd0A7a 4B81 þ	 þ	B03	 ®ßû<þ<ß9pþ	Bﬀ4>@@ ®üalm"M þNoß7üBPüZ03 T7ü/"
B@þ	 þNZ(þNZ	F 4T9fﬂ7 4B83 þ*%"M þ	B01@ Zlm"MµþNoß<9NZ@µüµßJ	((þ	>@ F01ýü	P
LJ70 ß@9839B@
ß?5	 y
@
	 @ Bü)cd7 W7FZ,.	03B9þ	(ß®ßüÊþ	
ß@fütB83<ßD7D þ	>@ ûMþ<ß7Ncd03818-·üFB(þ<ü®ü0A01@ pþ	89pþ	Bﬀ4>@	 ®ü¯üF

7F03- þ<ü01Eþ	B015	/üB þN@PEõO0 ß-7Fk@J01f@% þ	 gB þ*þß01>@ pþ	8.03 ®ü01B þ*03 >#7pþ]
þ6þ	B03@ e7pþÎßE þ		 tF8 þ	B þ	 ®üe®ß(þ:03
TB@01 B0 ü FBT¿þ	Bﬀ7F035	ﬀþ?ßFb
B01 
9pþ	Bﬀ4>@@ ®üjßß{ß03	 QP[õM y@{ü? 	hB	@
0 ßa7F:703>	7W9f þ	æ©4pþ	830AMN	
ﬁ#ﬃ #"»õ%$&vú('ﬃû769þ	æpþ	03B83Jß7@8 üs 	D9fﬃüBPü{9fk@:01T þ*Bﬀ7ßD7F
 þ*>@PKõ0 ß?7Fk@	aïþ5	@µþ	983
AüB
þjþ	B03@ toüBT9f701 ®üW7F
 þ*>@Ja@9F þ	03 67F"üFß01PüAß03>@ pþ*8ëP
õM @µü¿þ	Bﬀ7015@ﬀþ	 @F03
03Vüepþ	%01B832üB03@ ÍûQ7a403 Jþ]03BPß+	I7a þ	B/"
01@ jFoüBµßûfcd703Bﬀ7ﬂþ*01 jF ﬂü01 üj94NŁ7Fþ	B03@ SBﬀ7pþ	 0 ß¿û7®þ5	
¨94 cd QPÍù<+ﬁﬃ! #"»õ%$&vú('ﬃxJþ*03 8AN^@81@T9Ł,.B0A þ*03@ Aþ	 ®üj03 5@µß? þ* ®ßk
þ	B03@ ýß+@ e8301>@72 þ	>@(þ*0 þ*8 ßdcd03838g9fT®ßPü:03 5	ß03>Eþ]T7FTB@8183B0A5@
þ* ®ü
ß01 >@81"M®þ	03B81­ß%FBF	-81c<"M81NC01 >T835@8 ßd	 CFB830Qcd017Aþ* S/,."öM;·f"M þ]03FP
õM t^@81@T9e,.B01 þ]03	 h,.f01  ß7T þ	>	(þ*0 þ	8 ßT®ß+7pþ5@ﬀþ6703>@7S¸G
5@ 7F 4B830k@03  þ*B01 >¿ß@ >@8AN@P(¦#a7F/,FB01 þ*01@ 	7 4B83®ß
ßﬀßd,.B81®ß0A5@8ANZk@r7E83B@(þ	>@ 01B203  þ*B01@ mûCcd703Bﬀ7Ł	9Pß#(þ	01 81Na7F
B	8383B015@JF@f%03PßO	7d 4B810ëPEùß-þB@ ®ß©4 B2	7d8 þ]015	8ANT701>@7aJþ<ß{ß	
7F þ*>@<(þ*0 þ*87+/,.B01ü: 4B83®ß<B þ* 69ßB þ]Pü694N8 þ*>@þ	 >@81ßPoõM 6	µü
B@ ýßBI7F403 F(þ*01Bß	°ßBﬀ7ﬃþ þ	B03	 ak	ﬂ'+	83B@B01@ mûEþEpþ	%01B83
üB@

 þ<ß01 >e7om03>	74 üF03B03@ s	7lm"M
0101 >h 4B81®ß(þ	 ®üB5	01 >
þ68 þ	>@kµþ	B03@ e	O7 ß@810 üﬂþ	 F>@83D0 ß+ PüüKPgLJ7F0 ßvüB@cd01838[þ*8 ß6F5C0 üD7F
þ	B03@ 603>	>@P
Lg þ	 ®ß%kdþ	B03@ ýß#	 Ł8103>@7< þ	>	d(þ*0 þ*8 ßCþ*EßB0 þ*8381N(ß ®ß0A0A5@a7vß03 >	83"
pþ	%01B83¿ßBe	7Fjµþ	 ®ßkZ 4B83ýßPJ'+ŁW7h8103>@7
 þ	>@Z CFB83®ß:7F
µþ	 ®ß%kI CFB83®ß0 ß+ßB þ]Pü:@ 8AND9N(ßJþ*838pþ	 F>@83Pß2Yk03 
B@  þ<ß%ﬂD^@81@T9a,.B01 þi"
01@ |` û|cd7F03837T8301>@7# þ*B01@ jFoüB20 ß#®ß®þ	838AN?ßB þ]Püe94NŁ8 þ	>@8þ	 >	83ßPf¦
þpþ*01B81­üB@03 Zk@%cCþ*µü*ü01B01@ mûcd703Bﬀ7Bi5	{ßJ@ 81N(þßJþ	818mk þ	B03	 Z	(7F
k818Xß@830 üJþ* >@83Îû0 ß-ßFb
B03 þÎßﬂ7F þ	B03	 03>@>	PÚõM @µüﬂþ5@@0 üZ/,FBß{ßJ9pþ	Bﬀ@"
>@@ ®üalm"M þNoßOk@¹gp" üBþND7þ	þ	8®ü ®ß0AMN
	70 ß+üB	ﬂTýßI9ßFb
B03 81N
83cû®ß
7pþ*J7E9þ	ípþ	%01B83Pßþ	E *ß	PüS01 67 üB@P
LJ70 ß7ß0 ß*üþ	8 ß6cd0A7z7ﬂüF5@83@F 4Aþ	 ýü~ß03T8 þ*01@ q*?70ôAõ¶öõ¶ø/ù­úMúGlm"
þ	 þN þ	 ®ü(þk þ<ß039018301MN8ß®üFNDk@! þ	 ýßkI,.f03
  ß-þ*-õ%$&vúSïþ	B03810101ß8303*dﬁﬃ! #"
õ%$&vú('ﬃJP
õM Z72 /,C<Bﬀ7pþ	.Pû.7vôAõ¶ö÷õ¶ø/ùúMúe]B<0 ßIß ü01 Jü þ	018ëPLJ7>@@
N
	72üB	+B%N·ß% þ	8]þ	 ®üj7TBN@<ß þ]+0 ßß7cd þ	 ýüe ß{ß01983"üB@vþ* þ* >@"

  ß3þ	÷ü0 ßBýßµßPüQPFLJ7F281B	 03BPßIk8181ND/,.83@0AO7#03 Fk	(þ*01@ DB@  þ	03 PüZ01 
7F"üFB@d8 ßßþ	vüF01BPüQP
LJ7h703{üzBﬀ7pþ	F60 ßJüü01B þ*üx)7e9pþÎß03Bj01 B0183PßZ	>@(þ	 03F üFB@
k B01@ 03 F>PLJ7F
ü01å ß®ßk	 7D03  þ	B01@ h	O7FD7	@ ecd017e(þ*

7·üFB01@ j*!7"üB@8 ßþ*5C01cﬂüQPLJ72ß03T8 þ*01@ :Bﬀ7 01©CFß
 üPüSaBþ	83B8 þ*8 ßß÷þ	E03 ·üFBüKP
õM D7Jk@F7aBﬀ7pþ*FO7üB@O03 B0381ß!*7dBüF03 >EBﬀ7pþ	.-þ	J®ßPü
k	
« ±WV#òMX2´µOÐZY;[ŁÌ_³D´Ð²]\Ï±#´gÌ²J³
©4pþ	 0A þ*015	(ß03T8 þ*01@ ®ßPQLJ7ZBﬀ7®þ	F2ß% þ	% ß?cd0A7t9pþ<ß01BF@f%03Pß?8103*ﬀüFB@
b
B03 FBN û7 77Noß01B þ	8d83010A þ*03@ ýßk@D79PßJþ	Bﬀ7035Îþ	9836>	 þ	 48 þ	0AMNjþ	
ü0 ßBýßµßPüQPJm%7
@7S<ß0103@ Pß@81F01@ {cd7F03Bﬀ7xBþ	 z9S@9F þ	03 Püq9N§ß>]"

  þ*03@ Fþ	 ®ü8 ß
ß7®þ	ﬀþ	 ®þ	81Noß0 ß+0 ß2Pß üQPg-01 pþ	838AN¿þ	83>	@0A7ﬀß#603
5	
7FüB@J>@µþ	 48 þ*01MNﬀþ*+/,FF8 þ	01 ü?þ	 ýü6®ßPüTB þ*83BF8 þ*7F+,.fBüŁ >	N
Pß@81F01@ ¿þ*J7'+@F83JB@B03	 QP
È
7 F5@+f ßµß03981<û®ß03T8 þ*Pü©C®þ	 0103Pß
þ	B@
pþ	Pü6cd0176701J,.01 4 þ	8pB	 pþ	% ßP
LJ7k þ<ß039018301MNZ	- þ	 ýßk,.f01  ßþ]2ﬁ#ﬃ! " õ%$&vúg'ﬃx0 ßüF0 ßB®ßµßüe01 Ł7?7
Bﬀ7pþ	.P<ù{ F@ T þ	 ýßk,.f01 -cd017
þ­ß% þ	981ﬂ9f þ*íYïþ<ü]®ß%üT7<9f þ	
BF  ß,.fBüþ*2ﬁ#ﬃ #"»õ%$&vú('ﬃI`#7pþÎß29f ef%k@
üSß%oü81ß#	7F
ôAõ¶ö÷õ¶ø/ùúMú®>@(þ	 01$þ* þNÊþ* ®üy7 c}ﬁ#ﬃ #"»õ%$&vú('ﬃ uOuXù#^
è
P!v-þ*03	®ß
þ<ß_"
fBµß+	!7/,.03
 28303*'+	83B@B03	 mû9®þ	Bﬀ4>@@F ®üePüB03@ Íû þ	B03	 
403 Jþ]03BPßûoß83B01@ 6	(72 þ*B01@ 6Bﬀ7pþ	 F 8îûpþ	 ®ü6/,FfBPüSB ß{ß%"»ßB03	 ®ßþ	/,4"
þ	
03 PüQP
LJ7am pþ	8Bﬀ7®þ	F8ß
Jþ	03Vß+7F
ß81µß?	I7F0 ßc	|P^@ ®ß©4 Bßk	Ek.
,.f03
  ß÷þ	"üF0 ßB®ßµßüQP
ºﬁª0y

y&vvsﬁv,ª+v
y {s¼»

yGvy

wxas
¢
G~I
{Ks

 Łª ÊÌ ½
       ¾ Ł ¿ [ Éﬃ¨ À  [ 
ô
¿ [ É1Á §ŁË&£ ¤[ŁxM
ô
Á x ŁË +£ 
 cÊ~j¡   _§Ł
ô
õM 70 ßBﬀ7pþ	F7(ôAõ¶ö÷õ¶ø/ùúMúqF]BEcd03818-9fDPß üQP-$.fB0AmB þ]03	 ®ß+cd03818-9f
üPüBPü:k@·©401
 µß	K þ<ü01Eþ	B015	9f þ*·,.01 4µßû47 72@f03Pß
	]þ
ß03 F>@83vüB	#
oü83þ	 ®ü7[]"oü81+B%N@ ß% þ*dcd03818K9f üßB019PüQPf-03 ®þ	838AN
7F	 þ*03@ 6	g7F83B@ 01BßJcd03818K9f"üF01BPüQP
ÂÄÃÅ Æ
:! @ Ç
1
Ç¼ÈjÉËÊÌÊ ÍAI§!94Î¯92)34%ﬃﬂ6
õM ®µþ<ü01Eþ	B015	9f þ* /,.03
 µßS(þ	03 F81Nx81c<"M81NC01 >s835	8 ßS	T,.	01Bt 4B830Ecd01838
9fﬂßýü03PümûCßy7pþ*67Fhl|"»þ	µþN_üCß6 F	7pþ5@eyB@fhcd017w701>@7zT8A018301B01MN
lm"MBþ<ßBþ<üßP/õ60 ß
7k@hf ßµß03981Łjþ	Bﬀ7015@FþW703>	7qb
B03 FBNx9N{8 þ*B03 F>t7F
>@(þ	 03F¹üB@{ß#5	%NSB83 ßa7 þ*>@ß8103 >a03 ¿þaB@ ýß0 üF þ*983EB<ß#/"
üB01@ jf#B +bB03 BN<ûmþ<ß#@ 8AN?þ(ßJþ	818p 4T9f#	>@(þ	 03F¸
·üF83ßd0 ß
©403üQP,ÏII7#B81 ß#>@@%Na7pþ<ßCþ* 01f@ þ	 -ü0 ßµþ<üF5Îþ	  þ	>		P4LJ7#8 þ	>@dB@038
5@83CB0A03Pß	(7+þ	B03@ 6FoüBµßJB þ	ýß þTB	 ®ß0 üµþ	983+'+@819FEþ<üF 01 >®û®þ* ®ü
7F?cd0 ü.7j*+þZ'+@F83#9FEþ<üF Püeþ	6>@cß#cd017Ł78ß@810 üAþ	 >@81?B5@üe9NAþ
ß01 >@81­üB@J
oü83*PýõM  pþ*8mß>@  þ*03@ 6	p7
·üF83ß0 ß7+9fßd
üFN
k@J7F0 ßd	983¸cd703Bﬀ7AüCß# 	÷ß þ	B0AmBEk838"M >	N"Mf þ	b
B01 BN
÷
cd70381*."
03 F>jB<ß ß83cEP]ø/þ<ßPüy@ )7,.f01 B:cd017W7ZﬃOH2ﬁJ&vø/ù­úKú^83ýßT
·üF83ß
pCÐ¤xasÑz
~
vv©Hs

s
K
®©¬sy&«ÒsCÓÑw

s

wr®

u¼{KxasÔ

Iy&

v

{®Õ{xIy&{_{xIs]{

{Ky&vs

s

®

zyMÖ©

y?®

(x

wx

u

u

{
K


wryGvv®As
¥
{{s

{

yÒu

v

¶y
I
vs

z×Ø
Ù
u

sw

¯s
ÚG
s
GÛ
sD¯sC{KsﬁwC{
G
u

z{xIs

s

y
a~I
y
K
y?®Ü

º ±WV#òMX2´µOÐÞÝ[1ßŁÌ_³Ì_óò2ËgË
-01>@
=CP

b4àÔáaâÄáãåäáTâGæPçIã âèaçéëêﬁâGì í,îëï;ðÛì áaâòñÄóõô¥óRö¤÷]øøëùúKú¬ùéû¤àÔáaâPâIèaü;ýOçù,îaê-ï;ð_ì áaâ
çúþéï;êrìrù¯ìCêß ÔáãåçIá ùú¬â âü Ñã ì áëì á,úHââTï,ú_ðïí,ú	Dï>üÙí
 âêß¼î;ïã
è¯ìù¯ìDì áaâNìrùú¬ä;âì6î;ïê&ã ì?ãåïè>û
àÑáaâ¥êGí,î,î;ï,úHì?ã
èaä-ðOú¬ùâ;ß áã çáçùúúã âêWì áaâ]çúþéï;êrìrù¯ìCêÛãåêtïÕã ìOìCâü+û¤ïí,úHìCâêCéï;ð èã aâúHê&ã ìùaì

íïèﬀ
^ÕLJ7 ¨I`"þ)Mcﬂ*"k	8 üxß>@
 Pü®		MNCfüB@6cCþÎßŁB@
0 ßµß01@ Pü½þ*ŁﬃOH2ﬁ<"
õ%$cÏE$jôjﬃI$FH2ﬁ#ﬃI$Êþ* ®üjü81015	Püy03 )8 þ*

 @ ¨CPgLJ7F6ß81µßT	J7ZPßµßTcd017t70 ß
		MNCf*üB@ ^¢ m I`ﬂc6®ßüsFüF5@83@y7*ß0,C"ëk@8 ü0ß>@  þ*03@ Wk	
7FﬃôAõ¶ö÷õ¶ø/ùúMúx
 ü81ßPpLJ7/,.03 Bacd0177amµß%2ß0A,4"k@8 üﬂß>@ üW*"
*MN.fS^ú-0 ß a`ß81üs03 )kF7FT015@
 D*#76 FB þ	®ß8 þ]03	 WBﬀ7 03©4*P
-01 pþ	838AN:7F ôAõ¶öõ¶ø3ùúMú{B@838 þ	9	 þ*03@ 
Á
þ	>	Püe@ h7Fk@8381cd03 >ﬀßfB01mBþ*01@ ®ßk	
7F2ô¿õ¶öõ¶ø/ù­úKújþ* þN$b

¢

vvyG

y&{
a


u{

{
~
{Ksﬁuﬂﬁ?

u{

{
~
{zK}
~a­
s

ax®u

« ¯s
ﬃI
s

u

{}y&{ 
~ ­
}

v
"!

­
ª#



u{

{
~
{z}
~a
­
s
K
©
~I
 Ðs

vwxas

ax®¯u

« as
>~
¯

©
¨
y 
¥
v

y

u©
ﬃa
s

u

{}y&{
¨
}
~a
wxas
c


u{

{
~
{>z}
~aÙ­
s
K
©
~I


{

yGxav
~Ia
uax®¯u

«Das
W­
y {x

v

uKwxas
$ﬃa
s

u

{?}y {

s
~a
s
c
¨
y&©¬ª$vy

w«©H

u{

{
~
{zK}
~aW­
s
K
ax®¯u

«Ô©
°
s

asrvs
%!
¨
ª+¬©
­
#

qtsﬁusrvvuKwxIy z|{,z}
~I
wx4s
K
s

z

uKwx
~aa
©
Ł
y
K
u{Ky{

¢
s

{

s
 +~I
4£srs


G~a
v
y(swxas

wxas¦
~
wrvsy

s_©qts

z
!
¢
 
¦&#

OÜª$x®u

«?yGv

uKwxasﬁu 

u{

{
~
{ ¯s
&ﬃa
s

u

{}y&{¼q¥}

{{
a
s
c


u{

{
~
{zK}
~a­
s
K
ax®¯u

«Ôas
('a
uKwx
~aa
uy

u{y&v{*),}
~
v

wx



u{

{
~
{z}
~at­
s
K
ax®¯u

«Ñ¯s

Ð>swx
a
uwxIs

ﬃI
s

u

{}y&{
Ł
y

u{KyG¯{



u{

{
~
{

y
~
s

y
a
s

©(q

s
a
avs
!


#



u{

{
~
{ ¯s_(swxas

wxasu
~
¯©
y {
G¥,+~
sﬁu4©

{

y-G
~aK.!
(s

#
IŁ
y

sﬁu
~a
®

y&
G
y {

®Ü
Ý[Ý[t±-òMXI¶!ÏË(µ  
/
ùqkF838A" >	N"þ	b
B01 BNT	0

¨®k@]þ2lm"M F>*N	

ôSvÅþ*7JB83 ßß%
üB	8þ* þ* >@
 ZY

P«6B ü0 ß% þ	 FBD67Fa þ	>	/` ûKcd701Bﬀ7W0 ßvß7cd W01 
-01>@E=.P

ûpß7	8 ü9f8þ*Bﬀ7035@üKP
/
m@9þ	§5	83CB0A01ß2FhÄg 

P

7D'+@F83%"»ß7018 þ*üeB@ 019F03@ j
7D >	Nhß@83.03	 Fß7	8 ü9fD	.?9f81c

 	I7D >	Ne	O7Tlm"M þN
üBPüQP
/
m@7?ô¿õ¶öõ¶ø/ù­úKúw
·üF83ß7Z Bþ	®ßF8 þ*03@ WBﬀ7 F@83@>*Nþ	 ýüW7Jß
0A"
7/,ýþ	B@ F03B þ*8]ß7®þ		7TﬃIHﬁJ&vø/ùúMú{^83®ß%+oü81ß6^úLJ7@ ¨I`¼ß7@F8 üe9f
81N@üÍû¼ßS7®þ*
þŁB@T9F03 pþ*03@ ecd0A7W7Jß% þ	 ®ü®þ	µüyﬃOHﬁJ&vø/ùúMú^83®ß%

·üF83Pß2Jþ*03 ®ß ß{ß01983*PKLJ7D81 >	7e	O7oü81ßc/þ<ß7Fk@2ß
	ºD
AûC7 ü0 þ	
<
«@ºD
SP
/
õM T	µügvþ	Bﬀ7015@3ßFb
B03 >	 þ	 48 þ	0AMNþ­ß0,4"k@8 ü8ß>@
  þ]03	 	7	F
B@  þ	B7pþ<üh:92ü5	83	PüQPQm%7+>@ þ* CF8 þ	01MN6c/þ<ß+:9fT>Eþ*03 Püh9Nj7F
®ßE	[ßµþ	F8303 F>T81B@ F03Bßþ* ®üSF8 ß"»ß7pþ	f"þ	 pþ	8AN·ß0 ßP
/
LJ7EB@F83"ôAõ¶öõ¶ø3ùúMúß7	8 üB	 ®ß0 ß#	;4=ß0A,4"ëk@8 üﬃß>@
 üÆüFB@

·üF83PßP
/
ù2135476p"8301	*ßNoß%¹*­ü0AåK 4
TF810183/"MBþ	®ßF83ZBN	 ß þ* ßacCþÎßa9?ü/"
5	83	PüWﬂþ*Bﬀ7035@:@.03
03Vüß®ßTk	8ü0AåK 4,.f01  ßPLJ7:(þ],.0A"
TFª 4T9fa	oü81ßD03 y7BN	 ß þ*
cCþ<ßa8103
01PüWk@DBþ	®ß83Pß01 
@{ü?e	81B@ F03B:B ß{ß þ*83þ] þj@81µþ	983
835@8Øûe@9F þ	03 Êþjcﬂ01>@7
9f81ic®¨

4> þ	 ýü: þ	Bﬀ7015	8þ* ?þ	BBF þ	983 þ*8303>	  	p7+ þ*>@ü03B03	 
þ	 ýüŁ7Eoü81ß98.B 48303 FßP
ÂÄÃÂ Æ
:! @ Ç
1
Ç¼ÈjÉËÊÌÊ @ %A ¯!
LJ7ß7pþ	f	-7ôAõ¶öõ¶ø/ù­úMúsBNoß þ	8[þ* ®ühB þ*®ß81Bþ	 h9f8ß e01 h-01>@T=.P=(þ* ®ü
-01>@+=.P¡[ýû.ßB0A5@81N@P
È
70381#7+>@@03B þ*8XüF03
 ®ß03@ ®ß3üD 	/ü01åIk@~7F
@ Pßﬂ*K7Fß% þ	 ®ü®þ	µüZﬃIHﬁJ&vø/ùúMú^81®ßIoü81Õ^úLJ7@ ¨I`îû·þ* Jþ<üýü0103@ pþ*8®ß0,C"ëk@8 ü
ß>@
  þ*03@ 67®þ<ßd9 ¿þ<ü®üPüŁD7"ôAõ¶ö÷õ¶ø/ùúMúW
oü83PßP.LJ7 ß
0A"7,ýþ	B@ 01B þ	8
ß7®þ		m7BNoß% þ	80 ß[þ2B@
@
0 ßﬂ9fMcﬂ JþBNC8301 ®ücd017 +(þ*0 þ*8C81 ßµßPû	9.
þDC@<B5@µþ	>@E	g7 ß@830 ü*þ	 >@81vþ	 ®üAþ Bþ*PüSNC þ	
0 ü6cd0A7*ß5@(þ*0 þ	8

±WV#òMX2´µOÐÞÝ[1ßŁÌ_³Ì_óò2ËgË
f
78mm 10mm
70mm
z
y
68mm59mm
z
x
y
x
15mm13mm
R
-01>@=.P=b;:âïâì úþéï;ð¤ì áaâAñÄóRôóþö¤÷]øø-çúHéaêCìrù
|û
<ãåê ã,=
 â>ãèaâêÛùú¬âêGáaï? ÔèÕùIê_êrïã ü@ãèaâêGß
ã
è,èaâIú;ãèaâêùúHâ¼ü,ï;ìOìCâü+ûàÑáaâ¼êrâäâè¯ìrù¯ì?ãåïèÔãåê¤ü,âIîãåçGìCâüA Ñã ì áücùaêGáaâüB ã
èaâêûàÑáaâWçï>ï,ú¬üãèIùaìCâê
íaêrâü ãèAì áaâ-ìCâDCIì¥ùú¬â6ãEEíaêCì úù¯ìCâüFCß éß

ßHGß
	û
-01>@2=.P¡[bJIã çì í,ú¬âê¥ï;ð(ì áaâPñÄóõô¥óRö¤÷]øøKïüÙí
 âûL-è-ì áaâ>=IùaçﬀMê ãåü,â-ï;ð¤ì áaâ$Dï>üÙí
 âNO âGðìﬂ
ì áaâ¶çâIè¯ì úù
áã äáaï ìrùaäâ6ðââü;ýì á,úHïíaäáTùcèaü ì á,ú¬ââ îIùã
úHêMï;ðÛêﬁâäDâIè¯ìMðââü;ýì á,úHïíaäáaê-ùúHâ
ãåê ã,=
 âûPL-èPì áaâ@ âðìÔê ãåü,âAì áaâ6âQ âçì úã ç¶ùIçGì íIùaìCï,útï;ð¼ì áaâÚãåïè¶äâìOìCâIúß¤ïèPì áaâÚúãåäá¯ìÑê&ã ü,âAì áaâ
êrâù
 âüIùIçIí,í
SRùcèaäâ-çùcèT=âMðïí,èaü+ûàÔáaâMðOúHïè¯ì¥ê ãåü,âï;ðì áaâùí
Õãèã
í
 áaïíaê ã
èaäUrúãåäá¯ìﬂ
ãåê]ê&áIù,îâü ã
èÕì áaâêù
Dâ. ¼ùéPùaê¥ì áaâçúHéaêCìrù
|û
Ý[,V>[t±!Ð"Wd²d¶(´Fò2´
@
83<ßµßþ* ®üﬂþZk818gB5@µþ	>@D	-7ß@830 üFþ	 F>@83*P
È
0A7S7ß
0A"M7F,ýþ	B	 03Bþ	8¼ß7pþ	f7F
ß	830 üJþ	 >@810 ßIkF8381NaB5@ü9Nﬃþ]81 þ<ß%

[~>@(þ	 03FJþ]0 þ	8ÀüF7ﬃþ	 ®ü:7F
83<ßµßJ	Jþ]0 þ	80 ßJ8103
01PüZ:P
LJ7 ß7®þ	a	O7
ﬃIHﬁJ&vø/ùúMúq^83®ß%E
·üF83Pß2cCþÎß	F0101VüSk@vþ: þ	>@üF0 ß%"
 þ* B<*|;4=2BŁP*LJ7F0 ß[üPß01>@ 
ü0 ß% þ	 FBc/þ<ß7þ	8 ß+*Fk	7FôAõ¶öõ¶ø3ùúMúS
·üF83PßP±ù
Bﬀ7pþ	 F>@þ­ß(þ	8381Mü0 ß þ* Bc/þ<ß!B@ ®ß0 üüÍû	9F-8 þ*¼ü0 ß0 ßµßPü?k@g7< þ<ß@ ®ßb
/
LJ72Bﬀ7pþ	 >@#2þ	 	73ß7pþ	f2cﬂ@8 üZ
 þ	 *þ* Z03 FBþ<ß	Mü5@81@
 <B ßµß
þ	 ýüÆþ	 ¿þ<üýü0103@ pþ*8K(þ*0 þ*881 ßµßJk@Jþ	Bﬀ7SBNoß þ	8ëP
/
LJ7Pß7pþ*PüGBNoß þ	8 ßc	8 üÇ 	9fsB@
pþ*03981Wcd017Ç7ﬃOH2ﬁJ&vø/ù­úKú
^81®ßdoü81ßP
/
ôAõ¶ö÷õ¶ø/ùúMú)c/þ<ß+8 þ	  PüS9?F018301VüAþ*ß5@µþ	8 þ	>	ü0 ß% þ	 BßPû°ßZ7pþ]
7 üm F0101@ 6	[þ	 @F01Tð þ	>@ü0 ß þ	 Bc/þ<ßd7pþ	{ü81NZ ß{ß01983*P
LJ7¿ôAõ¶ö÷õ¶ø/ùúMúwoü81ß2þ	Z7k@6>@Jþ* 03üFB@µßD@.03
03Vük@7F
>@ þ*ß
om/,F019038101MN	P!LJ7N§þ	6c838ß0APü{k@ﬀþecd0 ü5Îþ	01MNy	ü01å 
,.0"

  ßPûm5@ j0A- *d0 üþ	838ANJß01ük@þ	838	g7SP
LJ7 ô¿õ¶öõ¶ø/ù­úKúe>@(þ	 01·oü81ß3þ	#(þ<ü2*p ."MNCf2701>@7ZF0AMN>	(þ	 01
Y\¦uIE`tcd017·01F0AMNGB@ B µþ*01@ ®ßs9Mc ¸¨K

ÂﬀB
ø
ç
þ	 ®ür=



ÂB
ø
ç
^¢EF @«I`\P@LJ7J01F0AMN?B@ B µþ*01@ a0 ß!®ßpþ	8181N 	OB@ ®ß þ	  û@9FFO,.701901µß7þ+ þ<üF0 þ	8
0 ßÎûmB þ	®ßüh9N67?BNoß þ	8(>@cd01 >FCBß{ßPfLJ703
0AMN:B@ B  þ]03	 Æþ	 ýüS7F
ß01V#	Q72
·üF83Pß-üF
03 J72701>@7a5@@8A þ	>@# üPü:@ þ*7>	(þ	 01
üB@YXk@7­ôAõ¶öõ¶ø3ùúMúeoü81ßf ß0A015	J5@@8A þ	>@Pßﬂ9fMcﬂ 6[?vk@O83cxþ* ®ü
;P¨vðk@701>@7t01F0AMNjB@ B  þ]03	 ®ß?7®þ5	Ł9f(þ	8103üeŁ7aB  þ	8O81B/"
·üF203 Z@µüﬂT@9F þ	03 *þ* :@F03T·	 þ*03@ QPoù<7ß+5@@8A þ	>	ßCþ*83
 ßI7k838
üB@J5	@83
9fB	Pß÷ß ®ß01015@EDlm"MµþN:03 þ<üF0 þ*03@ QP
ÂÄÃYZ Æ
:! @ Ç
1
Ç¼ÈjÉËÊÌÊ []\ﬃ%ﬀ6])+2)
'+03 >+7ü5	83	 ﬂF7pþ<ßd	môAõ¶ö÷õ¶ø/ùúMú7û@7d@03>@01 pþ	8C0 üþ+E9018 üDB%N@ ß% þ*µß
k@?Ł01 ®ü0A5.0 üpþ	8181NŁ FB þ	®ß8 þ]üÍû¼ß0A,4"k@8 üß>	 4ü)>	(þ	 01 üFB@µß?	<7F
ﬃOH2ﬁJ&vø/ù­úMúS^81®ßgMN.f-^ÕLJ7 @¨I`.c/þ<ßBﬀ7pþ	 >@PüB%N@ ß% þ*µß!B@  þ	03 01 >#@ 81N7
@<k@FJBNoß% þ	8 ß#k@ß5	 þ*8g þ<ß@ ®ßb
= ±WV#òMX2´µOÐÞÝ[1ßŁÌ_³Ì_óò2ËgË
-01>@2=.P¢;Ùb>àÔáaâAèaâD  ñÄóõô¥óRö¤÷]øøB^aý_`íaêCìCâú(çIúHéïêrìrù¯ìAùaêré
Bâì úã ç-êﬁïí¯ì?ãåïèﬀû5O4ïí,úHìCâêré
ï;ða¼èã aâúHê&ã ìùaì

í@bïèﬀ
Ý[,V>[t±!Ð"Wd²d¶(´Fò2´

[

PdLJ7a>@@
%Nh	<:B þ	ýß81ßB þ	®ßü	983(ß+k@+7a'+@F83_"»ß701B@B/"
03@ mûýþ<ß<7FB 8103 PßJ	g7@.JBþ	®ß83Pßdcﬂ ß@ >@8ANZ
0 ßµþ	8301>@ Pücd017
ßfBZ7 þ	>@vü01B01@ Sk@­üB@2 þ	>@ü0 ß þ	 BPß	Ûm
@
B /"
©401ük@þD;	Æ>@@%N@P
=.P^%N@ ß% þ*µßTcd017tkcﬂTBþ	®ßF83ßD*åKüÊþSB@ ®ß0 ü þ	9F81N>@þ*om/,F019038101MNh
 þ	8103V­ü01å þ	µþN:>@@
01ßP
[FPõ# üe	FZ9f?/,C81N¿ü0AbB81#@f þ]E7?; ©403ühF þ*."
8101mµßJ03 6	 EBN	 ß þ*P
;PdLJ7B%N@ ß% þ*cd0A7GwBþ	®ß83Pßcﬂ@8 üG7®þ5	{7®þ<ü°7Êß þ	
yc03>@70þ<ße7F
ﬃOH2ﬁ<&ø3ùúMú^83®ß%]üB@]þ	 ®üc@F8 ü7®þ5	9f C7F þ54N?29fﬂ7pþ* ®ü83Pü
cd0A7@.÷þaB þ	 F	P
LJ7#PüB03@ a"ß(þ	8183B%N@ ß% þ*µßY\03>@#=.P¢;4`cCþÎß/þ	BB@
pþ	 F03üa9Nﬀþß þ	B01Bd	
þ	9f@F2=

ð	78þ<ü®ü."9pþ	Bﬀ:ïþ	B@Y

P¬=	¨a01 ®ß þ<üŁ	

P¡;	;Jþ*

P¡[ﬀôSv°k@J7FE7

·üF83+BN@<ß þ]/`Gûmcd701Bﬀ7Łcd018389 ü0 ßBýßµßPüj01 Ł
@vü þ	038Q01 S^7pþ	Fd;P
ù­ßE01 7ﬃIHﬁJ&vø/ùúMúqF]BE7
B%N@ ß% þ*"ü5@83@
 ?7pþ<ßE9f 0ü@ a9Ne7F
 4B81 þ	F74Noß03Bß>@@þ*7FaH 0A5@{ß0Aiþ*EVWU
@81 QPQﬃ+þ	Bﬀ7B%N@ ß% þ*B	 ®ß0 ß ßE	I7F
8301©40 üh F01@>@ h þ	 ÀûQ7DJþ*03 hB@8 üem >	ûmþ	 ®üþ	  ®üC"MB þ*QPêù<7D
@
 7F
ü5@81@
 J	K720 þ	 >@8 þ	7/"M
·üF83# ®ü."B þ	Z0 ßﬂ 0 ß7ümûC7ü5	81@
 
	Xþ­üF@981þ	 ®ü
þ©C®þ<üF83< ®ü."B þ	D7pþÎß[ß þ	üQP*LJ7<5Îþ	01MN	| ýü."MBþ	®ß!cd038184>@015	
þ	 
,Cµþom/,.039018301MN?8þ	Bﬀ7015@þ	 @F01TG>@Jþ	 F03yßZk@þ	Bﬀ7:/,Ff03
 P
ù®om/,.039817@8 üFﬂkµþ	
+7pþ<ßJ9f ¿üF5@83@fü¿þ*JU	83 *þ	 ýüj$4 þ*X@9>®û.cd701Bﬀ7¿þ	8381icß
k@"þT8101®üD	>@Jþ	 F03 þ	µþNß®ßP-&+ t	 7®þ	 ®üW0AE0 ßEf ßµß03981aS7®þ5	
þZ701>@7jb
B03 BNAßhcd7F03Bﬀ7hBi5	{ßþZ8 þ	>@k þ	B01@ j	-7kF838Mß@810 üAþ	 >@81:Y c;	ÆK"
ßd4`Gûcd701Bﬀ7qB þ* {9f?ß x03 -01>@Ł=.P

P7ù2 b
B01 BN{*2
@67pþ	 

¨ k	

P¡[SôSv lm"MµþNoß60 ß6,.Bük	*ßBﬀ7çþÊßk@ ß03TF8 þ*03@ ®ßP<&+ z7F*7
7pþ	 ýüZ01I0 ßIf ß{ß039F83J? 8 þ	>@J7# þ	>	3ü0 ß% þ	 B*K7FBN@<ß þ] ßþ	 ýüZB	 B 4 þ*
7FﬂüB@µß¿þ*B% þ	01 ÅßB þ*03 F>Êþ	 >@81ßPJ$.Bﬀ7~þß
01 ßﬃþ	 w03
5@Pü
'+@F832B@B01@ þ	 ®ü0 ß
 ßß01 þ	981k@þ	 >	8 þ	­ü0 ß%019F03@ h
 þÎß
  ßP
õM a7#830Ak013ß
7#>@Jþ* 03yüB@{ß/þ	d,.B81®ß0A5@8ANa83CB þ*ü
B81 ßJE7F
9f þ	¹þ],.0 ßY
fe
þ* ®ü

º
ge
` û®ßa7®þ*J7+o03>@7df þ	Jþ	 ®ü7vß%@f þ	:Bþ	 9Eþ<ß0181N
ßpþ	µþ*PüQP
; ±WV#òMX2´µOÐÞÝ[1ßŁÌ_³Ì_óò2ËgË
ÂÄÃih Æ
:! @ Ç
1
Ç¼ÈjÉËÊÌÊ

!"9)+/%J49­6
m@jô¿õ¶öõ¶ø/ù­úKúä01tcCþÎß)03 0A0 þ	838AN®8 þ	  Püñýß½þ	 01F5@Pü 5@µß01@ ·	7F
ﬃOH2ﬁJ&vø/ù­úMú83B@ 01Bßû4cd701Bﬀ7:cCþ<ß9pþ<ßPü6@ ﬃþv2 õë"9®ßCß%NoßSPcÏIﬂ70 ß403 ®ü	
81B	 03BPß7ü0 üD *O	åK8 ßdCBPßµß03 >E	9*7D7JB@÷þ	 ýüa7ß>@
 -ß03>	 pþ	8 ß
þ*-þ	 (þ*å@µü®þ	983JF03B	PEõM a7d01 010 þ	8oüß03>@ 
	f7Pß#81B@ F03BßO@ F81N7#B@#F8 ß
B	8 üT9fk8181NE.Bß{ßüÍû@cd70381/þ	 D >	N
þ* ®ü
þ203>@>	Kß03>	 pþ	84cJ>@ µþ*PüTk@
7Fß>	 4OF8 ßßP
È
7F a019fBþ	
J@95.01@®ß-7pþ*O0A!cCþÎß+þ	8 ß Bßµßµþ	NDvü03>	0101V
7F
ß>	 4ß03>@ ®þ	8 ß	O7üFB@+?þ	Bﬀ7F035	ﬀþ	 e@F03
03VPühf ß0A03	 jPß@81F01@ mû
7FDB@818 þ	9f@ þ]03	 AüB0 üüe:k	8383c þ:k@703>	7eß@83.03	 h ßßE þÎü03Bþ	838AN c
þ	FEþ	Bﬀ7KP
õM B@ µþ<ß67a03 F010 þ	8pv2 ­õ281B	 03BPßûK7a c 83B@ 01Bßvü0A5@ﬀþ	838g03>@>@û
 F>*N ûEþ	 ýüT<ß0103@ ?03 Fk	(þ*01@ k@Ç7/ü03>@0A01Vü þ	
830Amg8 ßPß	m7B@
þ	 ®üt7(ß>	 4µßPLJ7: c¸'+01>@01 þ	8Oþ	
Jþ-01 ®üB þ*µüwYá'Eg"_^°·üFBPüy94N
 " þN?õM ®ß%F 4 þ*01@ Æùßµß.B0 þ*ßP^  õ»ùÔ``d0 ß÷þ(ß03 >	83"ëcd0 üF7ŁïþÎß"_^/ùvôAù#^®
oü83
cd017yk@TBﬀ7pþ*  8 ßû!cd701Bﬀ7{7®þ<ßD9 Sß8103>@78ANoü01ü)þ*8383c~k@T	 þ*03@ y01 
T8A0"»üB@,.01 4µßPL<cﬂW
·üF83Pß
þ	 üPü{FCBß{ß
7?ß01>@ pþ	8 ßT	
@ 8ôAõ¶ö÷õ¶ø/ùúMúWBNoß þ	8ëP
LJ7+8 þ*0A5@8ANﬀß(þ	838Xþ	 pþ*83@>@F2pþ	%<	p7+B@vþ* ®ü6@ ß>	 4dBﬀ7®þ	  8Q0 ß3ß7cd 
03 )-03>@FZ=.P¬¨CP
È
70183a7Jß>	 4T83Boüß2þ	ﬃüF03B81NB	  BPüsj7F03?/"
ßfB0A5@ZB@  þ	B ßPû]þB þ	®þ	B0A@E0 ßE üPüWAßpþ	 þ]a7ﬀß01>@ pþ	8!k@7
B  þ*8
81BoüIk@­7FCüB@!7F03>@75	@81 þ	>@*P]LJ7FJB F8 ßß!·üFBPüD@ 7F<B@ C"
 þ*B ß	ﬂ7BNoß% þ	8-þ	01 4>@µþ*PüW01 tBﬀ7pþ*>@ﬀß ®ß0A015	Z þ	
8101mµßûcd703Bﬀ7)7®þ5	
9f ?ü5@83@fü9N7"ôju7õë"_UÇ03 :¦0 ü819>
þ* ®ü:7võ_UEus03 6U
@81 mû47 þ	
810A"
mBﬀ7pþ	>	J8 ßJ0 ß!	9F þ	01 üKP@LJ7J þ	
830Am{ß7þ	<@f þ]üDcd0A7 þB@8 üa!ﬃL_þ* ®ü
þ+B	8 üDkPü9pþ	BﬀTB03B0A	 ü ü01B8AN	 T7JBþ	®ßF83J@9. þ	01  þ	 D@F03T° C"
>	NaPß@81F01@ mûÚþ	 ýüJþJþ	01 a9Eþ*µümû@cd701Bﬀ7Z0 ßﬂ@fµþ*PüJþ].@G
f þ]	P4LJ7N
7pþ5@S9 {ßfB0 þ	8181N¯üß03>@ Püqk@ﬀôAõ¶ö÷õ¶ø/ùúMúcþ	 ®ü7pþ5@Æþ0 ßŁ03
6	m;

 ®ß
Yá01 >	 þ*03@ :03
m

«
 ®ß`þ	 ®ü¿þﬀüFB þN603
+	!¨
Po
ßP
õM 
@µüI"þ5	@0 ü
>@7<ß ß
ç
77F03>@7Dk©4 BN
B@
	   ßI	9*7a7#þ	
830Am
ß01>@ pþ	83þ	 ®üy7: @0 ß*þ*Z7 y8303
03 ®þ*PüW9Njþ	 Êþ* 40A"»þ	830 þ<ß01 >6m81þ]T7Z03 .
¡Oj
xas

yMu

y&v

u¼uy

avs

u

y&v0w



s

{Ku¼yG
 
s_{KxasÑ¦®
+~a
u{Wz

s
+~
s

wC®
!
zlk
)
%]m
' nporqgsDt
#
y

s{

y

uz
GK
s

{

u

y&v
usﬁv

 {Kxas6¦®
+~a
u{Dz

s
+~
s

wr®

u

{xIy&{Dx

x z

s
+~
s

wC®
a
us


{Ks

zõs

s

wrs¼wry

;sW{

y

uz
GK
sﬁ

{

yÛzRy&«sWv

 z

s
+~
s

wr®Ôu
G
y&vcwryGvvsﬁDy

x

u{Ü
Ý[,u>[ŁµIË(µ#±#´Ð²J³Ì±¶

¨
20MHz
low pass
filter
40MHz
40MHz
12 Bit
Detector
ADC
HV
20MHz
low pass
filter ADC
12 Bit
part
warm
PreAmp XIA Module
part
cold
Real Stromv Real-Ladungv Glatt-Ladungw
Time [ ns ]Time [ ns ]Time [ ns ] Time [ ns ]
FADCx
0y
0.25y
0.5y
0.75y
1
1.25
1.5
1.75
2
z
200 400
0y
25z
50{
75|
100
125
150
175
200
200 400
0y
200
400}
600~
800
1000
1200
1400
200 400
0y
200z
400
600~
800
1000
1200
1400
200 400
&g_TEŁ(Q
 gQﬀfbilb*¡  ﬀ 9¢i£g¤ ¢9¥Y¦`§	@
Q gK¥i¤¨Q
`Q©i

ªi«¥i¤¨Q
 ¥	©i­¬®ﬀ°¯iYª±gf¥D¤ r¤¨¥¡Q£«¥?²A³¦
§	N¥ﬂY¬"ﬀ©"ﬀ Y¢YiHª
Y¥«ﬀ£Nª¤E£Y¢Yi ´T¢9
9¢YYªi¤,bH9¥Dg9¢r¤ µK¢9©OQ¢¥Y¶¢?
Q©·
¢Q¤ 
]¤ ¥.9Yª
9ª@¥ﬂQQﬀ¸©«iB¥i¤¨QfiB¢9ﬀ©i£³Q 9¢i£³ª
B¹H¬ºi«ª
YY¢Y
ag¤ 
µ OQgf¦
§A	¢ﬀ
»£Q©a¥i¤¨Q ¥%
¼¤¨¤EQr¤E$¹£¬½iAﬀ 9¢i£³ª
9¥ﬀ*i"fﬀ°¬®
g¤,
¬¾¢ﬀH´¥O

ﬀHU¬B
¤ ¿YªÀ
ªÁ¤,©9¸©9ªÂ¤,iQ¤,Q£9¬B
¤ ¿Q£¥¶7iÃﬀH?
¬$
p¤ ¿ﬀA¢ﬀQQ£gÃ

 ¥ﬂÃ¤¨¥
Ä©Og¤,Yª5¦5§	¿H¥Oi¸
¥D¤ ¥O
ÅÆ;Ç§ÈÅ
ªTi«F99ªÄQ¢ﬀ¯$¢Q¤E£¢Qg¤ ¡f`iQ£9¬B
¤ ¿Q
ﬀH¬"
©9ªÉª¤,H9¢i ´Ui@ª
Y9¢
¡¢?
¥
 
ªÃgQ¸©9ªÉ©­¤ Êg¤¨ªÁg¤ iHggQﬀ¬	·
gQ¸©i
£ﬀ¶;¥ﬂKiQ%i«¥
b¥i¤¨Q
;Qi¥	
ªKiK ?²º¤¨¥O«
E ?²½
$©r¤,¬«¤¨Ë9ªTﬀﬀHf´
£Y¥ﬂE©r¤¨³¦ÍÌfi?·¹
£ª
Q¿ ﬀ©]i­`´Êg¤¨¥%¹£9ÊQ¢Y´TÎ»¸Ï»Ð9Ñ]Ò9Ó ÔpÕrÖf×fØgÙAÄ
 ³¢ﬀ¯Y¥¡
E
¥i¤¨Q
 ¥

ÄgfµØgÚÈÛ&ËÜÎÝ
©r¤ ·
¤¨Q¥i¤,
ÙÞ]ß¥ﬂY¢9ªÍ
¬B
¤ ¿ﬀ.QªDàr¥¥iÉ

 ¥Oá¤¨©­F
Ai
bâãÁªQª
ª
¥A
Nfä¥ﬂb²Aﬀ9¢Y9¥O¥_QH´9¦Ç³µﬀH´­ØfåQ
g¥O9¢Yª
¥Ai$bâãÈﬀHfµg¤¨ª
Y¥"
æ
ØQ·_Äg¤ %²A¤ ª
>¥ﬂ¬B
 $f7iK

 ¥O$F
`ª¤¨¤ OJﬀH¢Y9¥O¥D¤E;¦§	Bª
Y9¢
ç¢ﬀ´¥OO
 ¥A
ª@i
Q£?
¬B
¤ ¿ﬀH¥	ﬀ£N¬"
©YªU¤E¥D¤ ª
.i¢ﬀH´Yg¥O¥Þi.¿J QÝ¶5
¬$
p¤ ¿ﬀ(
ªKbâãáﬀ£NQQH
fiè	p½â¤¨³¤ O
 ·_é`
¬B¬.?·iÆ¤Eª
ﬀç¬"ª
 êpè	ë&ì¹¦
í©î ï7ðAñ.ò®ó`ô]õ÷öø±ùúû"úüñ®ýý
40MHz
12 Bit
ADC
FIFO
FPGA
CAMAC
BUS
FAST
DSP
Trigger
&g_B³
î
ŁPâ¤¨¤ O;Qﬀbfi*b  >Q 9¢i£g¤ ¢9¥Y¦
þi­ª¤ ¤ O
PQQH"f]i>è	ëß¬"³ª
 >i æ Ø·rÄg¤ A¥ﬂ¬B
 Y¥®¹£¬ i­bâã Q£@Q£QﬀHﬀ·
¢9Y¥ﬂ¥O9ª$
ª®¿ ﬀH9ªN¤,¡i.Æ  é¡¦§A%i»¤ ggﬀ¥D¤ Q
©
ª.iﬀQ£f´¡µQ
Eﬀ£agﬀQ¸©9ª
iﬀHg¦ Æ5lÆ ¬®
¯i9¥i¥_
¬$
 9¥«ª¤,H9¢i ´U¢9¢Y9¥O¥D¤EÄ
 TF
]iâ

¦çÆ³
iﬀA¤,©F
°¬®©·
r¤¨>
Äg©%i5·_¸Y´Bª
9¢YYª¤ ¥"Q£³ª¢99ªU¥i¤,ÄgfiKQ£QﬀH¢Y9¥O¥ﬂYª
ªU£² ª©O³¦
¤,©F
»¬.©r¤¨K¤¨¥.H?ª@©aµg¤ë«i«¼¥Ý·_ãP¡N7ãÈÄ
¥Y¦
	



fﬁﬀﬂﬃ1;Y¡! "Y


ﬁ

ﬀ
$#
 

%

&ﬃ' _

9
(
)
*+
*

-,(.
/ﬀ!0K*ﬀg
	1
*
@'ﬃ

2	1
*
435®7698f9
,
g: 

*
435;ﬃ

8³

< =ﬀ
í

.?>



@


 ﬀ+ﬃ
	A
*
Bﬃ_<ﬀ+ﬃHA;9C0

ﬀfﬂgﬃ' _
	D


Hf


ﬀﬂEﬃ

09< F _'Gﬀ= ﬂ

"ﬂ	H
*
< ﬂ
 ﬀﬂﬃ< ¡' "0Iﬀ'H
J
*
35K0

ﬀf_f&ﬃ! ﬂf
L

M ﬀﬂﬃ

 _N/ﬀ
	





M35 ! 

*
<

g


ﬀ!
,
 

ﬀﬃJ

@


*O

@

/


9F 
!+ﬃ<<




'

*
9PCQ)RST _Y:&g_³
î
HUa/


9«' B- _
V

W8ﬂﬀHﬀ






<9_
,ﬂ	X

)ﬃ' _ﬂG
@

'0

' 

*
<

Hﬂ<0



,
ﬂIﬀ




8!ﬀY5Z[\)54G

*

ﬂ

Y

"' 
Y


]

ﬃ
^
-09



	
ﬀ 



_Hfg9Y_.!ﬀ&ﬀE7_HU`

*
	ﬀ
@
 *ﬀﬃ-H< ﬀ _)ﬀ! 
2
H_W0



,
ﬀ0W09< F _
>
H
	D


*
a3b-Pdc?EL

a3b-P ' 4Y


e>f
*ﬁ

0









= ﬂHNﬀAg

@
ﬀﬂ



'ﬃ<<

Z	



9%ﬀ

_


+ 
	D



Bﬃ

 ﬂ




ﬂ< 

H





@

'0
\-






!

*


?7PhQB>
L



<'8gY
,+	X
*
4i
^
HW 

ﬀﬂ Z 


ﬀf




'jﬀf


+
	
ílkNkNk
(L




W 


 
	A



^
-H< 4ﬀ
T
*


W8f<

ﬃ<

	
ﬀ

_


+ 

ﬀI8ga

4,



! 



m


ﬀ

H


.
<9_
,ﬂ	
í
on=[p_qﬀﬂ@<9_
,
ﬂ< 

H





	X>


*

Y

*
ﬀ,Brfp_

ﬀﬂ 
>
9W
N>
 ﬂ9F8f

	D


*
a09W


ﬀﬂ90




ﬀ0


G


a ﬂ9N<


 

ﬀl8f
,
<



8ﬂﬀ< ﬀf



³osJrﬀW_utwvá9yx°
z
'-{o|F}~pWp11p}|7Ł9|

'-{o?D'-{lHB|1W
F
{p{op}^I{p$p}l |Fp
öø¢¡³øô%ý(ôAïAó`õB£¡û"úïd¤ í¥


*
! %<Y_
,
*ﬀg0

+ﬃ/ﬀf*ﬀ
>
H)ﬀﬀ

f% 


ﬀﬂ

ﬀf

<<0




!0< h0Iﬀ-


]ﬀ


0
]


<9_
,
_W 






Tﬀﬂ0

Hp8g

@


ﬁ
*
Y;

j¦m$onjrfp_§DX


Y

@
<Y_
,
ﬀﬂg+ﬀf



íl¨N¨
rfp_

*
TW9ﬂ
,
_W 







	C

©
^
-Ha0Iﬀﬂ

&ª



©]ﬀ


0




 %ﬀ/ﬀ

g40




9*ﬃﬀf


¦
í
E=rfp_«ﬀ

í

¨
rfp_
	D



09W


ﬀﬂH0




ﬀ0


§D
v

'H

*
ç<Y_
,
_< 

H





	

94¬

H

ﬀ ﬀ_<ﬀ
-,
®­^099



p­^ﬃJ<0


ﬀ




 WG
ﬀ4 




.W¯




@
!'
>
h9


a

_Iﬀﬂ0
=




!!	ﬂ< 

H




$ _/ﬀﬂ!
,&N>^

ﬀf'
&	



ﬀ/ﬀﬂ

g7<<0




!0< YlL



Hg


ﬀ


'T'b' A _-°+09<

H	D


ﬀf

@
ﬀ _


ﬂHggYAﬃFﬃ

 ﬂ< WG


-^
 

\N>-

ﬀf!±ﬀÀ'ﬃ

8g
±

'T'_W 







>,
'


9Fﬃ

!ﬀ





	Z
*
]ﬃ! ﬂ
ﬀfﬂ&0Y_ﬂ<



,


9	!(8gW 


H(ﬀ




P
íl² ï7ðAñ.ò®ó`ô]õ÷öø±ùúû"úüñ®ýý
³ ´ µ·¶ ¸M¹;º »
¼ ½ ¾d¿
¹
¼
ºÁÀ Â
½ Ã
¸¬Ä9ÀÆÅ ÄÅ Ç ¹«ºÉÈ µÊÅ Ä
½
È
ËKÌ
ºÁµÎÍ Ï ¹Î¸Ð¹
Ã
¸MÀÑº
¿
Ò:ÓﬂÔ ÕdÖ]×ØÙZÚaÛ%×hÜ<ÝjÖeÞÆÝßià+áfÙZÚ4âﬁÞÑãäÜp×hå æ ÚY×9×dØ&Ù
ç-H!rﬀ







<0





	
ﬀB

«'Yﬀ% _WT'0



0

*





<0

*
<G
@

Y_


%

&ﬃ

09W 
ﬀ


ﬀ0r
	
<<0





.
Zﬃ/ﬀ H* WG

*





W0





	
ﬀ4
.
*ﬀ
,
'aﬀ _WT'0



0

*





W0

*

! ﬀ


@
ﬂ.
 


<ﬃ2ﬃ

09W * Y$L

hﬃ
-

B<


9* 







W0

*
7ﬀﬂ
2

,
W8gW


/ﬀ'
,
'


9*ﬀ0


 
@


*+
*
)]ﬀ


9ﬂèﬀ»

*
! ]'


9*ﬀ0




ﬀ
	
ﬀﬂ 


<HW0




XG
']ﬀﬃ/ﬀf
.
ﬃ

0




+ﬃ

09< F 
ﬀ' 

ﬀ
	
ﬀ 


ﬃ

 ﬂ




XG`! ­ﬂ<H<ﬀ _

9L

W _
	
ﬀ 


0

ﬀf_g

ﬃﬀf


!0<< N'Â_


F

<ﬃ

 _




9HçW9ﬂ
,
!

*
	p­^09


ﬀ





	
ﬀBèﬀfﬂg"
>
9
	
<HW0





.?
1ﬃ/ﬀf* 9é`!/ﬀ'
,


<<0





.
Hﬃ/ﬀ H* "0<ﬀ
>
«<<0




!0<ﬀ!
,]



W0








@<9_
,
ﬀﬂg
>



@
9W¬ﬀ
	

@
rfp_êﬀ

 ﬂW8f9ﬀﬂ


W 
	
[p_=G
@

!0

' 



_WHp8ﬀﬂ


<Y_
,
ﬀg±'É0<Iﬀfjﬃ
,
 ﬂ!0< ®­^ﬃY_!<


 


ﬂ9

'¯9_W


ﬃ

09W * ﬂ< 

!ﬀ




*
«!


Yﬀ0





	

.
ﬀ
,
 
@



ﬀ

*

99Ł
ë
Yﬀ)ìíHî/ïlîmð^ñDðòïló$ôòõ-ö7÷<îóìïôîEøJﬃ

0Y< * 


Cﬃ
ﬂ

B!


Yﬀ0


 
@


*
ﬀ2ﬀ



L


	
-!%<Y_
,úù"û
' 


*ﬀ 
	
9_ﬂ
Ð

ﬀÂ<<0




mG
@

'H

*
j

<


 ' 


ﬀ 
	
9ﬂ_
T
*
*
=ﬀ

*
f3.

+



'¯9ﬂ<0YN!\]ﬀﬂ * 

*
>W9ﬂ
,ü

ﬀﬂ 
	
Y

*Y

ﬀ


 ! h9HHf
>
f(L

r'


!0.W9ﬂ
,jù%ýþ]	A
*
_WHIﬀﬂ _

WHW0




' 

*


'¯9_W09
>



@
9<


%
.
<9_
,+ù"û
ﬀ

*
	<<0





>
!

!«W9ﬂ
,+ù)ß

ù
ýþ 
ù"ûMù%ß
¦n
í
§
L

A_W]ﬀ !'

A'


A<<0




+ 

<!
ﬂ	m

4ﬀ

*
 ' /!

 _0W09W * _y8gW
,>,
WH<0




 
	







Y 

<'! WG
@

9ﬂ9ﬃ

NY

*
9Hﬀ%0

ﬀfﬀﬂ0


Y_' 


'0d
.
*ﬀ
,
G
@

'0

' 
ílk
¨ ï7ð"ñ.ò®ó`ô]õ³øUò	ýH¤ô ò]õB£
ïAóúp£¡û
Dummy
energy [ keV ]
compton effect
pair production
photo effect
total
lin
. a
tte
nu
at
io
n 
co
ef
fic
ie
nt
 [ c
m
-
1  
]
10
-2
10
-1
1
10
10 2
10 3
10 10
2
10
3
10
4
é&Hf_n
í
Ł 
¤,9ﬀ`¹Q
Qr¤ >¢Y­¢Q¤ ﬀ©¥Af`gﬀ»¬.
g¤,
¬>¦Yª¸²A>¹H¬ êâçﬀÄfìÝ¦
'

!ﬀ


W
,
ﬀ
>
 


>


ﬀ (ﬀf!
>(,
*
dﬃ
ﬂ

<HW0


_!0&W¯<0


G

ﬀ®g9WH<0





' $WT

*



'



9


0

 _YF8f<Y_
,
74 20Iﬀ
>
] ﬂ9WÂ! é`Hgﬂ]n
í
G



>
'

'.<9_
,=	


.
 

<!! 9

0<ﬀ




ﬀ


í
n4rfp_=G
@

Y_%ﬀ 


<ﬃ
	

"H!Iﬀf
ﬀ

F

W³ﬀ




a0

W°+09<

C
0W09F 9(L

%ﬃ
-

<<0


_'0bW¯<0

h-
T'/ﬀ


< 

*
%H!Iﬀf
ﬀ

F

W³ﬀ




:0

W°+09<

)	
f9*ﬀ -ﬃ

*

.
<Y_g< 
	
ﬀ
>E



í

¨
rﬀW_N
ë
¬ﬀ2î±ìHïlîEø½!


Yﬀ0







:ﬃ
ﬂ

M *0<ﬀ

*

9F Wèﬀ 


'0Iﬀ'
,
ﬀ


ﬀÍWH<0







ﬀ 
	
9ﬂ_!

-
,
ﬀﬃ/ﬀf

Z	



 %W9ﬂ
,ﬀ©ù"û
( 
>

	D
ﬂ

*

>
!

!B<Y_
,+ù%ß
	H

BWHW0






ﬀ 

+>


8f9F0

f
ù%ýþ
 
©ù"ûﬁMù%ß
¦n,§
b'09

*
©ﬀ

*
 ' 


9


 

ﬀ F _


Y

<


\Gf]ﬀ !
,J

a!ﬀf_g

>
9
	
<HW0




 Ü!







9V 

<!' 
ﬂ	]

 ﬀ

*
 0




_
>





* 


5

+ﬃ

*
ÁW¯<0


4 

*
:5

+ﬃ


ÁW¯<0

a
!/ﬀ


< 


jH'Iﬀf2ﬀ

F

</ﬀ





0

p°0YHW


!

*
"W9ﬂ
,
ﬀﬂg
>



@
Y<
í

¨
rﬀW_qﬀ

,&[p_qﬀ
+
*

>
!
^.
'K<Y_
,ü	






9A<HW0




 


,
ﬀ0W0




 
	D
)ﬀ
	

@
<<0




8




 <G



>
'

'É<Y_
,
0Iﬀﬂ
>
üYNHW0




C698g<

*
<Y_
,


 * 
+ù1û
' f<Yﬀ'
,
³øﬃﬂgøUúûKó`ô]õAñBïAóúp£¡û4¤ £
 
õAñ"!d¤$#ßú9ó`ð ùñ®ó¡ó`ô]õ

í
 ﬂHNﬃ/0Iﬀﬂ



,
èﬀfﬂg9

*
ﬀ



>
'

'­<Y_
,
fUB-
,]	D
%8f9
,
 *ﬀ!f *0Iﬀ

*

Y_'
ﬀNHW 
+ù1û
ﬀﬂ
üù)ß
ﬀf_
	H

& *ﬀ



Y
	
ﬀfN




f
ë
]ﬀ&ìHõ/ôDó=ìóî%'&HòïôîEøTﬃ

0Y< F 


ﬃ
-

ﬀ

'èﬀ


< ﬀ


ﬀ20WHY Z0Y_Iﬀ


!
ﬀUWH<0





.
ﬃ

 ﬂ




Jﬃ/ﬀf


ﬀ


 

ﬀfﬂ< 


r!


'0<Y_
,
ù ý)(+* ù ý þ
  ù1ûﬁ
-,/.
ý103254
¦nnN§
6
ﬂ

0

ﬀf_g

ﬃ/ﬀf


!0WHW Yﬀfﬂ

<09WHYﬀ




G _
>
 ﬂ
ª
W



,±

ﬃ

 ﬂ




úﬀ


.
!ﬀ


W Yﬀ
ú

@

 ﬂ<0



ﬀf
,

.
ﬀ
,
 
@


*
ﬀÀ<Y_
,±	

ífí
rfp_êﬀfﬂ]ﬃ
^
-09


L


,
ﬀf_WT

*



!üﬀf
>



ﬀf
,j
ﬃﬃ

 ﬂ!

_W0




 Y
L


	
ﬀﬂ 


<HW0




 =¦ﬃ

 _




 §"ﬃ
^
-09

'

*
>'


9*ﬀ0




- 0




!

 *
,\
<ﬃ

 _




9HB<9_
,
'úﬀüèﬀfﬂg©
>
9
	
!


9ﬀﬂ0




 
@


*±
*





W0


Yﬀ


Y_èﬀﬂ°mL
@


y¯PY_<


!


9ﬀﬂ0




Jﬃ

0Y< * ﬂ< "p­! 



4 a0<ﬀ
>
J _9WÍ!Mé&g_]nE^G&'ﬃ/ﬀﬂ0




' ﬀ






!/ﬀ


< Y

 

=	%
*
<Y_
,
ﬀﬂg
	


	
ﬀ 


WHW0




 09ﬂIﬀ




@

<Yﬀ%
.
ﬀ
,
'


9*ﬀ0


 
@



]ﬀ

*

Y9IL

C FﬃW09ﬃ/0
IﬀU<9_
,


 F ¡! 

W *09ﬂ
>

\>,]

76



.
6Z

0
^.	D
*>èﬀJt b
î
lx

89
ù
9:	;
ý
 
<>=<R?A@
0
2
.
ýCB
2ED
!
0
2
.
ýCB
2
ùGFCHJI
LK
2
¦
í

B
2
§

'±",MﬀON
í

B
2

í
*
B>2QP
*SR
í

B
21T
*
í
²
M
í

N
í

B
2
P
2VUW
@


*
¦nos(§
? Ł/
>
Y

< ﬂ

,J	H






W0

*
ﬀ


9_!ﬀYX[Z
\^]`_ba
@ Łﬀ


!0³-
>
Y
	
*





<0


)]ﬀ


9ﬂèﬀ9¦n

	D
¡f9*ﬀ]§
ùFVHJI
Ł;WHW0




:r!


!0W9ﬂ
,
= Ł;WHW0




:0

ﬀfﬂg
.
ý
Ł;WHW0




U_W 


]ﬀﬂ * 
B
 dc
\
Ł8f<

0Y

,jﬂ	
*
«<HW0




!


 
	H

& FﬃY
\	
H
(

K Ł/Iﬀﬂ

' ﬀ




W9ﬂ
,J	
ﬀ
>f
-

<HW0




ú¦Kln
¨N¨
W_
	D
¡f9*ﬀ]§
é



H


,
_<!ﬀ


y8³! 


!0SWHW0




 


÷ﬀ

èﬀ


'8gºW9ﬂ
,


 F 

< F09_
>


!



6ﬂ<+ * 


ﬀ

H
	D
FN!ﬀ:tob
î
lx
>
W0

< 	ﬂ<Hp8ﬂﬀ


Ł

8
9
ù
9:	;
ý
 
?ú¦
ùFVHJI
*
.
ýQ0
2
§Q@M¦e@
*
í
§f=<R
í
n
¥
.
2
ý
0
R
8
s'
¦
ùFCHJI
*
.
ýV0
2
§
.
ýV0
2

s
n
;
4
¦n,§
g
ï7ð"ñ.ò®ó`ô]õ³øUò	ýH¤ô ò]õB£
ïAóúp£¡û
Effizienz
En
er
gy
 L
os
s 
[ M
eV
/c
m
 ]
Electron Kinetic Energy [ keV ]
Bremsstrahlung
Impact Ionisation
Total
10
-1
1
10
10 2
1 10 10 2
g
10h 3
i
10 4
j
10h 5
k
é&g_%n,Ł;ÇJﬀHf´> g¥ﬂ¥]f¼Q¥7Q Y¢Yi£¥¡¤EgQ°¬®g¤E
¬N¦LlÈg¤, ¤E¬$Q¢Ya¤¨g¤ ¥_©r¤¨$Î°ª
ﬀÝ·
9ªT¤,?Ù]ª
¬B¤EQY¥a© ?²çﬀPﬀQ£¤ 9¥¶P&Hﬀ¬"¥ﬂ¥i¸

E
TÎ°ª¥Yª@¤E©Ù¤¨¥]
 ´B¤,¬Bg
HO
©
F
]g¤¨
 ´Hﬀ r¤ µg¤¨¥r¤¨¢Bﬀ Y¢YiH¥9¦
Dummy
Energy [ MeV ]
R
an
ge
 [ m
m
 ]
10
-2
10
-1
1
10
10
-1
1 10
é&Hg_BnonŁN9T¸
gf¼Q¥bQ Y¢Yi£¥¤ENgQ°¬®g¤E
¬ ê£@
¯/mnﬀìÝ¦
³øﬃﬂgøUúûKó`ô]õAñBïAóúp£¡û4¤ £
 
õAñ"!d¤$#ßú9ó`ð ùñ®ó¡ó`ô]õ
n
v

'H¡ﬀ

èﬀ


'8fb<Y_
,


 * ﬂ< Cﬀfﬂ)9NHg
>
H
>
W

@
í
[p_

*

,©-
T'/ﬀ







*

ﬀ
<9_
,


 F %ﬀ
>f
8f>
¨
[W_N
L



*

ﬀﬂW9ﬂ
,


 * 

ﬀ


ﬀ$! - _
J
*=
9ﬂ'8f


®ﬀf
	
ﬀ@<HW0





@



ﬀ>f'8gW
<9_
,
¦0

+ﬃ/ﬀf_
@


*
é&Hg_1nnat [r
¥fî
xè§ﬂ4 d0<ﬀ
>
Z _9WXG

*
"T<ﬀN*ﬀg
Z
ﬂ	
ﬀ
<<0





@



ﬀar!


!0®<Y_
,Jﬂ	
í
[p_ ' 


,]
&!'H'T


9WG(ﬀ




@
9¡W9ﬂgHW 


><<0







*ﬀI8g<' ®p8g<e< F 


ﬀ

*
ﬀ


EL

 

*
Y0Y_Iﬀ





	
<HW0





.?
2ﬃ/ﬀ H* 

ﬀﬃ-ﬃW ®'

*
Y0W

 ﬂ< 


8³!09'

,j	7
*
>'


9*ﬀ0




üﬃ

!

)	9

&
.
*ﬀ
,
G 
+

ﬀ





' 
ﬃ

 * ﬂ
>


©



9FT'


«'


9*ﬀ0




:ﬃ

!

%	H

ﬃ
-

U'

*
09
,
 


ﬀ»
Q9*ﬀ




<0

*
* hﬀfﬂ¡< *ﬃJ<0Yèﬀ'
,
 _



+	D

.
ﬀ
,
 FﬃW0




 *0

ﬃ
,
3.

B
*
"

@
<9_
,
Y


¬
*
ﬃ

0Y:ﬀÂ<<0





.
]ﬃ/ﬀ HJ¦
ùGo1pqHJr  

kgî
W_B§=ﬀ
 
*


H

ﬃﬂ

,&	
*
f9*ﬀ




<0


]ﬀ


9ﬂèﬀG
@

'0

!


>



 


*ﬀﬃﬃ'G



,Y
ﬀl8f



>
< 


W9ﬂ
,
_W 







	
ﬀ'




W0


* ﬀl8ﬂﬀf'èﬀ
>
Hf®L

 


ﬀ


! 


!0<ﬀﬂg;-0


ﬀ




 

?
ospqHJr
	

hﬀI8gYﬀfg
>
9
	
ﬃ/ﬀf* >?
o1pqHJr
09_<ﬀ




' (W8gWY

@
9

*
ﬀBp­^ﬃW0




¦

?
ospqHJrut
N
?
ospqHJr
§pG&'

'0Iﬀ


!


ﬀ




_]0

+ﬃH'0Iﬀ




0

 ﬂ

Yﬀ




 Yﬀ
>E


=
*
! 2 


ﬀ


! 


'0Iﬀ
ﬃ
N>
HW ﬀfﬂ+<09W * *ﬀf
,
74




H!
	Z
*

	
!d 


ﬀ


! 


!0<ﬀdﬀ/ﬀﬂ
,
 _' ]t 3._
¥í
G'vP
¥¨
x
@
!'
>
«g'8f<

9ﬂf
L

&T<ﬀ:
>
9
	
ﬃ/ﬀfHF "ﬃ

0Y

! ¡gy8gW
>(,
?
ospqHJr
 
ùw1x^o
ùGospqHJr
W
¦n
î
§
@

Y_
ùGw1x^o
! 

*
U<Y_
,M
<ﬃ

 _




!

*
U!


Yﬀ0




¬ﬀ
ÁùGospqHJr
! 


\ﬀI8f9ﬀ g
<9_
,
9


Y
*
ﬃ
^
09hﬀ>WHW0





.?
Hﬃ/ﬀ H9<L

hg;-0


ﬀ




 
	
?
ospqHJr
_g!ﬀ



	





Bg;-0


ﬀ




 
	7ùGospqHJr
/



Y


 



-,J

< _g;0


/ﬀ




 



ﬀ 

+>

ﬀ
@
ﬀ _


ﬀ

ùospqHJr
! )ﬀ© _
	

BW¯<0


y8g
>
ﬀ

(ﬀﬂﬃ
ùyzpqo
G


&Iﬀ<Y_
,


 


'
ﬃ



©ﬃ

0




|{
ùo1}1~I
ﬀ
©
*
%ﬀI8gYﬀfg%r!


'0b<9_
,a	

¡WHW0




+ﬀ
a



{
ùFVHJI
G
@

'0

ﬀfﬂ
	


*
9	p­^ﬃ!ﬀf!

!:Lﬀ
>
Hn
í
Ł
ùospqHJr
 
ùyzpqo
*
{
ùo1}1~I
*
{
ùGFCHJI
4
¦n
¥
§
L

j 


ﬀ


! 


!0<ﬀhﬀ/ﬀ
,
 ﬂ! $!0WH

'üﬃ

ﬀ ﬂJ *ﬃ/ﬀ0Y

W _


HW N_p8g<ﬀ! 

*
ﬀ

=
*
]g;-0



.
ﬀ




 
	
*
&ﬀI8g9*ﬀfgr!


'0<Y_
,J-
T'/ﬀ





Bg;-0


ﬀ




 
	7ùGo1pqHJr
Og;-0



.
ﬀ





	

?
o1pqHJr
 
©ùGFCHJI
ùospqHJr
, 
w1x^o

ospqHJr
¦nf
²
§
pz
|&1|*®:?®W|3Ł

®4|}|FWJ{)

|&1|Fpü~l{¢D?®$|ﬂ|^f|F|J

|7p{<ﬁ

||{ 4{
l~l$ |*~%®ﬂ~1

|`ﬂW{o<

||

|H}¢pf|F}o|*p

W}o|'$®{E{¢E|C {o|F~WèX{m

p|F

®"

|H1|Fp
$®

}o|F®

Ł^

|d|}|F p
s "ﬁ`u


'H¤
u
£

Y'
£
b
,

>E


yzpqo
{

oQ}1~I
{

FVHJI

o1pqHJr
3" < F0/¡V¢!ﬃ


¢

  W¯ <0


¢'8£  ﬀ <ﬀ <¤ b¡Q¥
,
ﬀl8£ /¡*ﬀ£¥ r¢!¤ 


¢!0- W¤ /¡V¥
,
 W¦ <0


¡


.-
¦ 
>
ﬀ

¥(ﬀﬃ 

 


¢'üﬃ




	
*
 § <¨ <0


¡

 ﬃ/ﬀ£¢¨¡© <f /¡Q¥
,
ﬃ¤¡
^fª
0


¢

 ﬀ
ü
*
 

¦ 
_Cﬀ
ª
  «f
k
n¬ p_ «f­«
²
 W_ ®£
k¯
 p_


k°
 p_

G±L²£
ospqHJr .
l³«
4
«Nn l³«
4
¯
l³«
4
¯
Lﬀ
>
¦ Cnfﬃ®´Lµ¶f·©i¹¸»º¼©1¸J¶O·½(z¶	i¾u½OC¿©1¸J½1¸JÀ/¿ÁÂÃ¼ÀYs¼¿©1¸J¶f·½>¶f³i¾Ä¿Å¾QÆ¿Ç¾u¾L·¾ﬀ¦Ç£Èﬁ·¾b¾/É¾bÉ®z¶
QÊ¶É¤¼À/¾Ä¿·Ë¾LÁ ¾/ÀiÊ¶f·5Ì_¶fÁ ¾¡¿¸,¤¸»·ËÇ¾Q)Íﬁ¿·¸Î¼ÍÏ¿¿az¾Í$£¾ﬀÆ¿©s¼
Ê¾u¶ffÐÑ-ÒËÓ/ÔA¾ÂÃ¼ÀYs¼¿©1¸J¶O·½
¿ﬀ¦¾7É¶OÍ7¸Î·¿z¾bÉ|ºÈ>i¾"ÂÃ¼ÀYs¼¿©1¸J¶f·½G¶fi¾ÖÕ¸»·¾Y1¸ À	¾·¾ﬀ¦Ç£ÈÖ¶f(i¾§¾LÁ ¾/ÀiÊ¶f·¬¿·ÉKi¾K¶OÁ ¾Ó
×ÙØ£Ú§Û1ÜÞÝ   ßOàÃ /á Û  /â ÛQ×   Ü ¡Q  Û ¢¦á Ø£ã¦ãﬃäåä   Û   ã  bá Û ¡ Üæ ¢¨á æfÜ ¢ Ú   Ø£æ â Ø£æ ¢ æ á Üç à ã   Û  èá ×ÙØ ¡V¥ 
á Ü£ã¦ã  bá Û ¢ Üæ7ÚQÜç  bé ×¤ØLÛ â¤  Û  b¡Q¢ Ü ¡ ØLÛ   Û1× ¢ Ú ¡V  Ú
ª
ã¨Û Lê æ+ÛQ×   ÚCÛsØ£æ â Ø ¡Qâ ã ¢ Û  /¡ ØÛ
ª
¡V  ÛQ×  ë¡V /â
ª
áb /â
ì
ª
á
Û
ª
ØÛ
¢
Ü£æ
¢
Ú
¡Q bà¤¡Q 
Ú
 
æÛ
 /â
Ýä$ÛQ×
 :é
Ø£æ¤Üîí¹Ø
á
ÛQÜ
¡¬ïð¡V 
ãÊØÛ
 /â
ÛQÜ

?
ospqHJr
Ø£æ
âEñòqó¨ô
ñ
ôqõÆö ÷
ØLÚ
í^Üã¨ã¦Ü
é
Ú
´

?
ospqHJr
 

ïø,

w1x^o

o1pqHJr
4 ù¹ú
Îûü
éÙ¡
ÜçýÛ1×
 Gá
ØLã
á
ª
ãÊØLÛ
¢
Üæ¤ÚØ£ÝÜþ
 
Ø
é
Ø£æ¤Ü§í¹Ø
á
ÛQÜ
¡
Ü£í
«OÎ«
°¯
¢
Ú
 ßOà bá
Û
 /âdé
×
 b¡Q 
Ø£ÚËç
 
ØLÚ
ª
¡V /â
é
Ø£æ¤Ü$í¹Ø
á
Û1Ü
¡
ÚþLØ
¡
äßØ
¡
Ü
ª
æ
âø«f¨®£ 
×
 
ì
ª
á
Û
ª
ØLÛ
¢
Üæ¤Ú|Ü£í
?
ospqHJr
¡V 
Ú
ª
ã¨Û
¢
æßØ£æ
¢
æÛ
¡Q¢
æfÚ
¢¦á
Ý
¡
ÜØ
â¤ 
æ
¢
æ
¥
HJI¦r
ÜLí Û1×
 
ã
¢
æ
 éG¢¦â
ÛQ×
2

HJI¨r
 

4­ú
¯
,

ospqHJr
,

?
ospqHJr
 

4Îú
¯
,
N
ï

w1x^o

ospqHJr
W
ùeú
ﬃ®«ü
é
×
¢¨á
×Þã
¢
ç
¢
Û1ÚÄÛ1×
 § 
æ
 /¡V¥
ä
¡Q 
ÚQÜã
ª
Û
¢
ÜæÜ£í'Û1×
 §â¤ 
Û
 /á
Û1Ü
¡
Ú

Ò:Ó ·å Ø 	 Ù"Ü<ß× Ý+ß 
<ØÛ%×ÙZÝ]Ö Þ Ú+Ö  Ý<ØÞ ÜlÖ ×håeØ
	 Ø×ØÛ%×ÝÙ æ ÚY×dØ&Ù1Ü<Ú

Üdí¹Ø
¡¢
Û×¤Ø£ÚﬁÝ
 / 
æ
â¤¢
Ú
á
ª
ÚVÚ
 /âAé
×¤ØLÛ"×ÙØ
à¤à 
æ¤Ú
¢
æAØﬀÚ
 
ç
¢¦á
Üæ
â
ª
á
Û1Ü
¡
çﬀØLÛ
 b¡Q¢
ØLã)å
é
×
 
æ Ø

¡
Øä
â¤ /à
ÜÚ
¢
Û1Ú
 
æ
 b¡Q¥
äÛ1×
 à
×¤Ü£ÛQÜæ
¢
æÛ
 b¡
Ø
á
Û1Ú
éG¢
Û1×¬çdØÛQÛ
 b¡
Ø£æ
â
ÛQ×
 â¤ bà
ÜÚ
¢
Û
 /â¬ 
æ
 b¡Q¥
ä
¢
Ú

æÙØLã¦ã¨ä
á
Üæ¤Ú
ª
ç
 bâ
Û1Ü
à¤¡
Ü
â
ª
áb 
Ø æ
ª
ç+Ý
 b¡
Ü£í
 
ã
 bá
Û
¡
Üæ

×¤Üã
 ¬à
Ø
¢¦¡
Ú
à¤¡
Ü
à
Ü
¡
Û
¢
ÜæÙØ£ãÛQÜ
Û1×
¢
Ú
 
æ
 /¡Q¥
ä
Ä 
ÛGÛ1×
 
Ú
 7 
ã
 /á
Û
¡
Ü£æ

×¤Ü£ã
 "à
Ø
¢¦¡
Ú
¡V /á
ÜçÖÝ
¢
æ
 
ª
æ¤ã
 
ÚQÚÛ1×
 
äØ
¡V §¢
çç
 bâ¤¢
ØLÛ
 
ãﬃä
Ú
 bà
Ø
¡
ØLÛ
 bâ 
×
¢
Ú§Ú
 bà
Ø
¡
ØLÛ
¢
Üæ
¢
Ú§Ø
á
×
¢¨ 
þ
 /â
Ýä Ü
àÃ /¡
ØLÛ
¢
æ
¥
Û1×
 ﬀ¥ b¡
çﬀØ£æ
¢
ª
ç
âf 
Û
 bá
ÛQÜ
¡
ØLÚ
ﬁﬀﬃﬂﬂ! #"ﬁ$&%('*)

!+-,/.0"ﬁ,21e#%
Ł
 #$&$

%3'54

.76!1)8'*1ﬁ9'*$
Ł;:
'

.
:
 
:=<'?>A@CB
#D.0,

)E%
Ł
%ﬁ)F)E%(6G1EH1e#%
,/1F'*ﬂ96I'*)J6K6-%3L!.7'*1E.7H5ﬂNMO'P,Q'
:
%3'P,/ #)E%
Ł
H5)R1)I%SI)EH'56-%3ﬂI.7ﬂIT2H
Ł
1)I%U$&.7ﬂI%

.76!1)
³'
H5)V'XWR'* #,F,/.0'*ﬂ

%('*4
1e#%
Ł
H5$7$&H

.7ﬂIT©IH5$06I,3Y
'Z>A@[B]\A^I_ `aCb
M
&cf|

Y

ed



YY`Xd
gf

2h
Nd


f ¯
Ø ¡Q  þ  b¡ Ú  

Ý ¢ Ø£Ú  bâ8i êj

â¤¢ Ü â¤ Pk5  ×   Ú  /à Ø ¡ ØLÛ ¢ Üæ[Ü£í   ã  /á Û ¡ Üæ¤ÚGØ£æ â ×¤Ü£ã   ÚëÜæ¤ã¨äﬀ×ÙØ àfà  æ¤Ú
¢ æÛ1×  â¤ /à ã   Û ¢ ÜæﬀãÊØ5ä  b¡ Ü£íÛ1×  "âf¢ Ü â¤  åØ£ÚÄÛ1×    ã  bá Û ¡Q¢¦ámlÙ  ã â ÛQ×  /¡V  Ú  bà Ø ¡ ØLÛ   ÚëÛ1×  á ×ÙØ ¡V¥ 
á Ø ¡Q¡Q¢¨ /¡ ÚëØ£æ â â¤¡Q¢ þ   ÚëÛ1×   ç Û1Ü	ÛQ×  "á ÜæÛsØ á Û1Ú ê ædÛQ×  ﬁá ÜæÛsØ á ÛãÊØ5ä  b¡ Ú   ã  bá Û ¡ Üæ

×¤Üã  à Ø ¢¦¡ Ú
¡Q bá Üç+Ý ¢ æ  Lon Ü ¡ Û1×  mp|êjêqsrDt[t çﬀÜ â
ª
ã   Ú>Û1×   ÛQ× ¢¦ávu æ   ÚQÚ Ü£íÙÛQ×  á Ü£æÛ1Ø á ÛçdØLÛ  /¡V¢ Ø£ã é Ø£Ú
u£ bà ÛËÝ   ã¦Ü éS®5««Xw çÞå£ÚQÜ§Û1×ÙØLÛËØ£ã¨çﬀÜ£ÚVÛÛQ×  é ×¤Üã  áb¡ äÚVÛ1Ø£ãÙþÜã
ª
ç  ¢ ÚÄØ5þ£Ø ¢ ãÊØLÝ¤ã   í^Ü ¡

¡ Ø5ä
â¤  Û  /á Û ¢ Üæ 
ê æÜ ¡Qâ¤ b¡ Û1Ü-í^Üã¨ã¦Ü é Û1×  Gâ¤¡V¢ íÆÛ à ØLÛ1×Ü£í Û1×  G  ã  /á Û ¡ Üæ¤ÚÄØ£æ â ×¤Üã   ÚbåÛ1×    ã  /á Û ¡V¢¦álÙ  ã â¬¢ æèÛ1×  
â¤  Û  /á Û1Ü ¡ ×ÙØ£Ú©Û1Ü+Ý  "âf  Û  b¡ ç ¢ æ  bâx  ×   æ[Û1×  "  ã  /á Û ¡ ÜæØLæ â ×¤Üã  ﬁâ¤¡V¢ íÆÛÄþ   ã¨Ü áb¢ Ûäí^Ü ¡ë  Ø á ×
à Ü ¢ æÛ ¢ æAÛ1×  +â¤  Û  /á ÛQÜ ¡-á ØLæ Ý  Öâ¤ b¡Q¢ þ  /âyr Ú"ÛQ×  Öâ¤¡V¢ íÆÛ"þ   ã¦Ü á/¢ Ûä ¢ ÚﬁÛQ×  NlÙ¡ ÚCÛ â¤ b¡Q¢ þLØLÛ ¢ þ  
Ü£íGÛ1×  |âf¡Q¢ íÆÛ à ØLÛQ×å Ø£æÏÜ ¡Vâ¤¢ æÙØ ¡ ä â¤¢{z /¡V  æÛ ¢ Ø£ã  P|
ª
ØLÛ ¢ Üæ ¢ ÚÖÜÝOÛsØ ¢ æ  /â å é ×¤ÜÚ   ÚVÜã
ª
Û ¢ Ü£æ
á Ü ¡Q¡Q  Ú à Üæ â ÚGÛ1ÜèÛQ×   Û ¢ ç  

â¤ /àÃ  æ â¤  æÛ â¤¡Q¢ íÆÛ à ØLÛQ× 
  ×     ã  /á Û ¡ ÜÚCÛsØLÛ ¢¦álÙ  ã â }

¢ æ ÛQ×   â¤  Û  /á ÛQÜ ¡|á Ø£æøÝ   á Ø£ã á
ª
ã¦ØLÛ  bâé ×   æSÛQ×     ã  bá Û ¡Q¢¦á
à
Ü£Û
 
æÛ
¢
Ø£ã~
¢
Ú
u
æ¤Ü
é
æ

}

ù
}

ü}
~
ù
}

ü
ùeú
ﬃ®®ü
ê
æÛ1×
 §â¤ bà
ã
 
Û
¢
Ü£æ|ã¦Ø5ä
 /¡
Ü£í'Û1×
 7áb¡
äÚVÛ1Ø£ã'Ø£æ
â|¢
æ ÛQ×
 
þLØ
á
ª¤ª
ç
¢
æ¤Ú
¢¨â¤ 
Û1×
 7á
Ø
à
Ú
ª
ã
 
ù
¢
æ¤æ
 b¡
þÜ£ã
ª
ç
 Gü
Û1×
¢
Ú
à
Ü£Û
 
æÛ
¢
Ø£ãÜÝ
 
äÚGÛ1×
 Ki
Ü
¢
ÚVÚQÜæ
 |
ª
ØÛ
¢
Ü£æ
Ł
~
ù
}

üO
ù
}

ü

e-
#(I
}
N
g
ùeú
ﬃ®

ü

æ-Û1×
   
ã
 /á
Û
¡V¢¦áá
ÜæÛsØ
á
Û1Ú'Ø£æ
â
Û1×
 é
Ø£ã¨ã¦ÚÜLíOÛQ×
  á
Ø
à
Ú
ª
ã
 
Û1×
  à
Ü£Û
 
æÛ
¢
ØLã
¢
Ú
àf¡Q /âf 
Û
 b¡
ç
¢
æ
 bâ
ùE
¢¨¡Q¢¨á
×¤ã
 
Û©ÝÃÜ
ª
æ
â
Ø
¡
ä
á
Üæ
â¤¢
Û
¢
Ü£æ¤ÚÜæ[Û1×
 
Ú
ª
¡
í¹Ø
áb #Gü
~
~1wspqr
ù
}

üV 
ù
}

ü
}
¡
#
ùeú
ﬃ®
ú
ü
 
×
 ¢
ç
à
ª
¡Q¢
Ûä
á
Ü£æ
á/ 
æÛ
¡
ØLÛ
¢
Üæ
¢
æÛ1×
 Yâ¤ /à
ã
 
Û
¢
ÜæﬀãÊØ5ä
 b¡


¢

¤£
¢
ÚuÛ1×
 Yâ¤¢{z /¡V 
æ
áb 
Ý
 
Û
éË / 
æÛ1×
 
Ø
ábá/ /à
Û1Ü
¡â¤ 
æ¤Ú
¢
Ûä
¢
Ø£æ
â
Û1×
 ﬁâ
Üæ¤Ü
¡Ëâ¤ 
æfÚ
¢
Ûä
¤£
Zn
Ü
¡
Û1×
 p|êjêqsrDt[t
çÜ
â
ª
ã
 
Ú

þLØ
¡Q¢¨ 
ÚuÝ
 
Û
éë b 
æ
«Z
¯¦¥
®«x§

á
ç©¨
k
Ø£æ
â
¦¥
®«x§

á
ç©¨
kXª¬«
ª
Û
û
°#­
å
á
Ü
¡V¡Q 
Ú
à
Üæ
â¤¢
æ
¥
Û1ÜdØdÚ
à
Ø
á/ 	á
×ÙØ
¡Q¥£ +â¤ 
æ¤Ú
¢
Ûä Ý
 
Û
éË / 
æ
«?7®
*¯
°²±³
Ø£æ
â
ú


*¯
°²±³
´ 
×
 +â¤¢¦ 
ã
 /á
Û
¡V¢¦á§á
ÜæfÚVÛsØLæÛ
I
Ü£í
¥ /¡
çdØLæ
¢
ª
ç
¢
Ú
®
°
ª
?µ
 ®f®
­

 
×
 ﬀâ¤¡Q¢
íÆÛ7þ
 
ã¨Ü
áb¢
Ûä
}
¶I·¸º¹ »

Ü£í©ÛQ×
 ﬀ 
ã
 bá
Û
¡
Üæ¤Ú+Ø£æ
â
×fÜã
 
Ú
¢
Ú
â¤ 
Û
 b¡
ç
¢
æ
 bâ
Ýä Û1×
 ﬀ 
ã
 bá
Û
¡Q¢¦á
lÙ 
ã
â¦n
Ü
¡
ÚQçﬀØ£ã¦ã
 
ã
 /á
Û
¡V¢¦áAlÙ 
ã
â
ÚﬀÛQ×
 
þ
 
ã¦Ü
á/¢
Ûä
¢
Ú
à¤¡
Ü
à
Ü
¡
Û
¢
Ü£æÙØ£ãëÛQÜÛ1×
 ¼lÙ 
ã
â
Ø
àfà
ã
¢¨ /â
å
½3¾À¿ﬀ²Á

6-.&H-6-%
<
¿

6-H

%36gﬀﬃﬂ1F)E.7ﬂ#,E.7"Á

6IH

%36#Ây.0,['Ã6-.&H-6-%

.¬1) 'U$7'5)ETP%V.&ﬂ1F)E.7ﬂ#,E.7"R)F%ﬁTP.&HPﬂDSÄ%1

%ﬁ%3ﬂ
1e#%

'*ﬂ96Uﬂ

6-H

%36m"ﬁH5ﬂ1F'P"1J,
P>
I%ﬁﬂD'V)E%3L5%3)F,E%SI.0'5,.7,Å'

$&.7%36ÇÆ1)I%C6-%

$7%1E.7H5ﬂÃ$7'+P%ﬁ)%

1E%ﬁﬂ96I,´'P")FHP,F,
1e#.7,2.&ﬂ1F)E.7ﬂ#,E.7"XÈ3H5ﬂI%PÆ´,EH¡1e9'v1m1)I%¤6-%

$7%1E%(6©L5HP$& 
:
%¤,/ I)

'P,E,E%3,1)I%¤"ﬁH5ﬂ1F'P"1mLPH5$7 
:
%S!+OHP)F6-%3)F,mH
Ł
:
'*TPﬂI.¬1F #6-%

£°
"ﬁ`uÊÉ

¤Ë
[f
uXd
h
ËëY'5d

í^Ü ¡ × ¢¦¥ ×  b¡GlÙ  ã â Ú Û1×   þ   ã¨Ü áb¢ Ûä ã   þ   ã¨Ú[Ü z Ø£æ â Ø àfà¤¡ ÜØ á ×   Ú|Ø ã ¢ ç ¢ Û
ù
á Üç à Ø ¡V  éG¢ ÛQ×
n ¢¨¥
ª
¡Q 
ú
¬Ìü åÃØ£Ú× ¢¦¥ ×

  æ  /¡V¥ ä|ã¦Ü é

çÜÝ ¢ ã ¢ ÛäþLØ£ã¦ã   äÚYÜ£íÛ1×  Öá Üæ â
ª
á Û ¢ ÜæÞÝÙØ£æ â ÚVÛsØ ¡ ÛﬁÛQÜ
á Ü£æÛ ¡Q¢ Ý
ª
Û   Û1Ü7Û1×  Yá Ü£æ â
ª
á Û ¢ Ü£æ ê æ á/¡ äOÚCÛsØ£ã¨ã ¢ æ   ÚQÜã ¢¦â çdØÛ  /¡V¢ Ø£ã¨Ú Û1×  ﬁâ¤¡V¢ íÆÛuþ   ã¦Ü á/¢ Ûä â Ü   Ú
í
ª
¡ Û1×  b¡ çÜ ¡Q Öâf /àÃ  æ â Üæ ÛQ×  èâ¤¢¨¡Q /á Û ¢ Üæ Ü£íuÛQ×  Öá/¡ äÚVÛsØLããÊØLÛVÛ ¢¨á/  ØLæ â Û1×  ¤lÙ  ã â Ø£æ â Û1×  
â¤¡V¢ íÆÛﬁþ   ã¨Ü áb¢ ÛäÞØ ¡Q +¢ æ à Ø ¡ Ø£ã¨ã   ã'Ü£æ¤ã¨ä|í^Ü ¡ ÛQ×   çﬀØ ¢ æ á/¡ äOÚCÛsØ£ã â¤¢¦¡V /á Û ¢ Ü£æ¤Ú   × ¢ Ú â¤  þ ¢ ØÛ ¢ Ü£æ
Ü£í ÛQ×  +â¤¡V¢ íÆÛYþ   ã¦Ü á/¢ Ûäí ¡ Üç Û1×  Öâf¢¦¡Q bá Û ¢ ÜæÞÜ£í Û1×  	  ã  /á Û ¡Q¢¨á¤lÙ  ã â é Ø£Ú lÙ¡ ÚVÛ-Ü£Ý¤Ú  b¡ þ  bâ Ýä
 Ø£ÚQØ u¢¦ª
 Ø£Ú
¯£°#­

ê æ ¥ /¡ çdØ£æ ¢
ª
ç Û1×  ¬â¤¡V¢ íÆÛ"þ   ã¦Ü á/¢ ÛäîÜ£íËÝÜLÛ1×   ã  /á Û ¡ ÜæfÚ+Ø£æ â ×fÜã   Ú7×¤Ø£Ú7ØçﬀØ ßO¢ ç
ª
ç ¢ æ
à Ø ¡ Ø£ã¦ã   ã'Û1Ü[Û1×  8ª ®««
­

â¤¢¨¡Q bá Û ¢ ÜæîØ£æ â Øç ¢ æ ¢ ç
ª
ç ¢ æ à Ø ¡ Ø£ã¦ã   ã`ÛQÜ|ÛQ×  ª ®£®®
­

â¤¢¨¡Q /á Û ¢ Üæ 
Í × ¢ ã   Û1×  Ë  ã  /á Û ¡ Üæ â¤¡Q¢ íÆÛ ¢ Ú  ß Û ¡V  ç   ã¨ä éË  ã¨ãOÚCÛ
ª
â¤¢¨ /â	  þ   æ ¢ æ â¤¢¦¡V /á Û ¢ ÜæfÚ`Ü£ÛQ×  /¡ Û1×¤Ø£æ+Û1×  
çﬀØ ¢ æ á/¡ äÚCÛsØ£ã¨ã¦Ü ¥¡ Ø à × ¢¨á Ø ßf  Ú ªÎj 
ªÏ
ú
åÐØ á!®f®
­
åOþ  /¡ ä ã ¢ ÛQÛQã  Gâ ØLÛ1ØÖØ ¡Q  ØþLØ ¢ ãÊØ£Ýfã   í^Ü ¡ ×fÜã   Ú
¢ æ ¥ b¡ çﬀØ£æ ¢
ª
ç ª¬ÑG /¥
Ï
°
å ÑY b¥
ÏoÏ
­
å ¢ æ à Ø ¡ Û ¢¦á
ª
ãÊØ ¡ æ¤Ü  3ßfàÃ /¡V¢ ç   æÛsØLã â ØÛsØ|Ø ¡Q  Ø5þ£Ø ¢ ãÊØLÝ¤ã  
í^Ü
¡â¤¢¨¡Q bá
Û
¢
Üæ¤ÚÜ£ÛQ×
 /¡
ÛQ×ÙØ£æ[Û1×
 Oª ®««
­

å
ª ®®5«
­

ØLæ
â
å
ª ®®®
­

âf¢¦¡Q bá
Û
¢
Üæ


¢
æ
á/ 
Û1×
 7 
Ø
¡
ãﬃä
â
Ø5äÚÜLí
¥ b¡
çﬀØ£æ
¢
ª
ç
â¤ 
Û
 bá
Û1Ü
¡
ÚGÛ1×
 
Ø£æ
¢
ÚQÜ£Û
¡
Ü
à¤¢¨á
Ý
 
×ÙØ5þ
¢
Ü
ª
¡
×¤Ø£ÚGÝ
 b 
æ
æ
 b¥
ã
 bá
Û
 bâ ¢
æ¬Û1×
 
Ø£æ¤Ø£ã¨äÚ
¢
ÚuÜ£íÚ
¢
ç
ª
ã¦ØLÛ
¢
Üæ¤Ú Ø£æ
âd ßOàÃ /¡V¢
ç
 
æÛ1ÚbåOÝ
ª
Û
¢
ÛË×¤Ø£ÚëÝ
 / 
æ
à
Ü
¢
æÛ
 bâ
Ü
ª
Û
¡V /á/ 
æÛ1ã¨ä
ª¬pÞ¢
×
ûo®
­
ÛQ×ÙØLÛuÛ1×
 ¢
æÛ
 /¡
æÙØ£ã
à
ÜÚ
¢
Û
¢
Ü£æ
¡Q 
ÚVÜã
ª
Û
¢
Ü£æÜLí
¥ b¡
çﬀØ£æ
¢
ª
ç
â¤ 
Û
 /á
Û1Ü
¡
Ú
ÜÝfÛ1Ø
¢
æ
 /â
í
¡
Üç Ø£æä
¢
ÚQÜLÛ
¡
Ü
à¤¢¦áà
ª
ã¦Ú
 

ÚV×ÙØ
àÃ 
Ø£æ¤Ø£ã¨äÚ
¢
Ú
ù
i

r"ü
Ø£ã
¥
Ü
¡V¢
Û1×fç
éG¢
ã¦ã¤Ý
 
ã
¢
ç
¢
Û
 /â
Ýä Û1×
 
ØLæ
¢
ÚVÜ£Û
¡
Ü
à
ä
Ùê
æÛ1×
 §¢
ÚVÜ£Û
¡
Ü
à¤¢¨áDl
ÛGÛ1×
 §â¤¡V¢
íÆÛ©þ
 
ã¨Ü
áb¢
Ûä
¢
ÚYØ
à¤à¤¡
Ü
ßO¢
çdØLÛ
 /â
Ýä
}
¶I·¸{¹ »

ó²Ò Ó
ù
}

ü
w

ó²Ò Ó
}

Ô
®sÕ×ÖÙØÚ
ñ
Ø
ñ?Û
óﬃÒ ÓÝÜ[Þ
óﬃÒ Óßà
á
óﬃÒ Ó
ùeú
ﬃ®!Ìü
 
×
 Kl
Û
à
Ø
¡
ØLç
 
Û
 /¡
Ú
w

å


Ø£æ
â8â
Ø
¡Q 
Û
 
ç
àÃ /¡
ØLÛ
ª
¡V 	âf /àÃ 
æ
â¤ 
æÛ5åí^Ü
¡
ã
¢º|
ª
¢¨â
æ
¢
Û
¡
Ü
¥ 
æ
Û
 
ç
àÃ /¡
ØLÛ
ª
¡Q 
Ú
ù
ÏoÏ¡ã
ü
ÛQ×
 
í^Üã¦ã¨Ü
éG¢
æ
¥
þLØ£ã
ª
 
ÚYØ
¡V X|
ª
Ü£Û
 bâäªÎÑ
Ø
ª
®

å
ã
æ¤Ü
®û
­
´
 
ã
 /á
Û
¡
Ü£æ¤Ú
ù
 ü´
×¤Ü£ã
 
Ú
ù
×
ü3´



Ï
¯åXæ
á
ç

®5«f
¯åXæ
á
ç
â ®
ú

®
ú
°
w

ú

°X¥
®«9çYá
ç

æ#å
Ú
Ì
g¥
®«9çYá
ç

æ#å
Ú
r
Ú
á
Ø£æ[Ý
 
Ú
 b 
æ
¢
æ
n ¢¦¥
ª
¡Q 
ú
&Ì
ÛQ×
¢
Ú
l
Û
á
Ø£æ
â¤ 
þ
¢
ØLÛ
 
ÝäﬀçﬀÜ
¡Q 
ÛQ×ÙØ£æ

«oè
í
¡
Üç Û1×
 "¡V 
Ø£ã
þLØ£ã
ª
 
Ø£æ
â
Û1×
 Gâ¤ 
þ
¢
ØLÛ
¢
Üæ
¢
Ú ÚVÛ
¡
Üæ
¥
ãﬃä
 
æ
 /¡V¥
ä¬Ø£æ
â
ãÊØÛQÛ
¢¨á/ 

â¤¢¨¡Q /á
Û
¢
Üæ
â¤ bà 
æ
â¤ 
æÛ
ZéY 
æ
áb 
¢
Û
¢
Ú©æ
 /á/ 
ÚQÚQØ
¡
ä ÛQÜ
¢
æ
á
ã
ª
âf 
Û1×
 
Ø£æ
¢
ÚVÜ£Û
¡
Ü
à
ä
¢
æÛ1Ü+ÛQ×
 Dl
Û
¤ê
æ[Ü
¡Qâf /¡
ÛQÜÖí
ª
ã¦ãﬃä
ª
æ
â¤ /¡
ÚVÛ1Ø£æ
â
Û1×
 
ØLæ
¢
ÚVÜ£Û
¡
Ü
à
äîÜ£íÄÛ1×
 ¬â¤¡V¢
íÆÛ"þ
 
ã¦Ü
á/¢
ÛäîÜæ
 
×ÙØLÚ§ÛQÜÚVÛ
ª
â
äîÛ1×
 ¬ 
æ
 /¡V¥
ä ÝÙØ£æ
â
ÚVÛ
¡
ª
á
Û
ª
¡V 
ù
}ê


â¤¢
Ø
¥£¡
Ø£ç
ü
Ü£í
¥ /¡
çdØLæ
¢
ª
ç
ª¬é
ª
æ
û
#­
å
é
×
¢¦á
×
¢
ÚËÚV×¤Ü
é
æ
¢
æ
n ¢¨¥
ª
¡V 
ú

¯
?«- /¡
çﬀØ£æ
¢
ª
ç
É&cf¼h
YëYedUëÏ

YY`Xd
gf

2h
Nd


f 
Ï
10 6
ì
10 7
10
2
10
3íschnuddlî
Electrons
Anisotropic Fitï
Isotropic Fit
Measurement 100 direction
Measurement 111 direction
schnuddlî
Isotropic Fit
Measurement 100 direction
Measurement 111 direction
Holes
D
rif
t V
el
oc
ity
 [ c
m
/s
ec
 ]
Electric Field [ V/cm ]
10 6
ì
10 7
ð
10
2
ñ
10
3í
n ¢¨¥
ª
¡Q 
ú
¬Ì¤´ ò'¾Á ¶À¸ ó¹ÈŁôf¾Á ÉÀL¼Çõ¨Å¾/½¶Äöu¾LÁ ¾/ÀPóvõ¦¶f·½§¿·Éø÷¶fÁ ¾b½7¸»·¬Ç£¾9õ)Íﬁ¿·¸»¼Í+ÓCù¶Ýõ¾LÁ ¾bÀPóvõ¦¶f·½
¿·¬¸ ½V¶9óvõÊ¶Zú¸ À	¿·É¿·	¿·¸J½C¶ÄóvõÊ¶?ú¸JÀgôxóY¸ ½©ÇO¸ Å¾·ÝûZö^¶ÇõR÷¶fÁ ¾/½©¶f·Á È	¿·¬¸J½C¶ÄóvõÊ¶?ú¸JÀgôxóY¸ ½¿Å¿¸»Á ¿ºÁ ¾Ó
® "ﬁ`uÊÉ

¤Ë
[f
uXd
h
ËëY'5d

0
0
gap
U,KXGL
4
L
K
E
-2
En
er
gy
[eV
]
-4
-6
-8
-10
-12
[111]
2
[110][100] [111]
n ¢¨¥
ª
¡Q 
ú

¯
´
}ê
Ì

ÌqÉf¸ ¿ÇZõÆ¿Í ¶Äö7Ç¾9õeÍ"¿·¸»¼Í+Ómü'¾#õ)Íﬁ¿·¸Î¼Í ¸ ½ ¿· ¸»·Éf¸0õ¦¾/À5ód½C¾LÍ§¸JÀb¶f·É¤¼ÀPóz¶Çõ
ý
¸ óv÷Aóv÷¾ Àb¶f·É¤¼ÀPó1¸ ¶f· º¿·É Í§¸»·¸ÎÍ	¼Í ¿IóXóv÷¾þÌú£¶O¸»·-óŁß/öõe¸»·Ç£¾d¶ÄöUóv÷¾ Qõ¹¸»Á­Á ¶f¼¸Î·b¶f·¾|¸»·

ÌÉf¸0õ¦¾/À5ó1¸J¶f· ¿·Éóv÷¾YÅ¿Á ¾·À/¾§º¿·ÉﬀÍ"¿	¸»Í7¼Íø¿IóCóv÷¾gÌú£¶O¸»·-ósß)À/¾·-óvõÊ¾¶ÄöÅóv÷¾
 Qõe¸ÎÁÎÁ ¶O¼¸»·
¶f·¾ÓfÔÃ÷¾Öº¿·É¬Ç¿Çú¬¸ ½§Ñ¤Óè¾5ò ¿-óë¿Kóz¾LÍKú¾#õÆ¿-ós¼ÇõÊ¾§¶ÄöÑ[ÒËÓfÔÃ÷¾7¸»Íﬁ¿Ç¾+¸ ½sóC¿Õs¾L·KöõÊ¶fÍ

¼·ÐqÓ
X
G
warp
[010]
[100]
[001]
nﬀﬁﬃﬂ 
ú"!#
´%$'&"(*)ﬃ+*,5ó.-/&"(10324(*)526(*)873249 :3(*,	:;0324(*)<-=(>:#õ@?A26(-B+4?ÖÓDCE(©óv÷*:Oô´õFﬁóŁú324(*:9G2
FH+ÇõºöI2*,	:J&ÄöK,L&"(*FóM26(-óN:(*:#õO>QPUöR&ÇõS,L&"(*)ﬃ+*,Pó.- &"(T0326(*)U:39 :L,PóvõO&V(*FD-/FNF5÷*&
ý
(
ý
- óv÷-=(W&"(*:A QõX-B9B9 &V+-=(
Y&"(*:ÓuÔÃ÷*:;FY+Çõ{öI23,L:5- FZ(*&Äó[,L&"(-ó.-/>V+*&"+*FPû04+-ó[,	&V(*FH- Fﬁó\F]&ÄöT ÷3249 öO^_:9B9`-0ú*FM&V-/)4FbÓ ÔÃ÷*:;FH- L:;&Äö
óv÷*:	FM:©÷3269 öO^a:39B9-7ú*Fb&c-/)4Fd)4:#ú:(*)4FU&V(óv÷*:[:3(*:9õO>Pe)"- fg:#õO:(*,L:h0:Pó
ý
:L:(Góv÷*:[,L&"(*)ﬃ+*,Pó.- &"(;0324(*)
?T-=(-=?i+4?j24(*)©óv÷*:k:9 :	,Póvõ&"(]:(*:9õ>QP/ÓÔÃ÷*:l-=?A23>:l-/F2óM2Õm:3(Oöõ&"?
ﬀ
+4(3nqÓoCp(¡óv÷*:kFb:L,	&"(*)
ú324(*:9"2qFY+Çõ{öI23,L:
&Äö,	&"(*FóM24(-ó:(*:9õ>QPe-B(óv÷*:T73269 :(*,	:[0324(*)r&Äöo>Q:9õ@?A24(-=+4?j-/FF*÷*&
ý
(ÓÙÔm÷*:
Fm-/Y:U&Äöóv÷*:
ý
29õFúQ:	)lF5úÇ÷*:#õO:TFM,s249 :	F
ý
- óv÷¤óv÷*:U)"- fg:#õO:3(*,	:k0:5ó
ý
:	:(óv÷*:N÷*&"9 :d:3(*:9õ>QPq24(*)¡óv÷*:
73249 :(*,L:k0326(*)?d2	6-=?i+4? ß@tl:5òu0YPq)4:5ôv(- ó.-/&"(Ó¤ÔÃ÷*:Nú49 &Äów- FDõO:L,s249 ,+49 2Ió\:L)h2-öﬃó\:9õ
Ox
:	>4y*Ó
Écz
c
z
hU{W|
ëW}edUë~~WW}
{
d
f

h
d~
f QŁ
WQ;ﬃ"ﬂ LLb	l	QﬃﬃﬁﬃY.ﬂﬀ Z ﬃ
Lﬃﬃﬁ"L.ﬀﬃQﬃl"qﬁﬃ."t
a
ﬀ6
R
ﬂbﬃQq

.ﬃqﬂbﬀﬁﬃﬀ
µ
ﬃ[ ªp
­

ﬃﬂb	L SwQﬃ ﬃqQLﬃ	kSﬃ1e3 Vﬀqﬁﬃ
 ﬃT¡
a
4

	L6 ﬂ i

.ﬃqDﬂ ﬀﬁ"
µ
ﬃs
!
éW	ﬃLT ﬃT	"ﬃﬁﬃL ﬃ[L	Y.ﬂbﬃQﬂb
ﬃﬀb.ﬂbﬃﬁV.	hﬀ©®qSQ


L

 Qﬃ%ﬃ	QﬂJ."d	"ﬃﬁﬃL Sﬃh]ﬀﬃ¢ﬁﬃ£J ﬃ

ﬂ ﬀﬃL


.ﬃqﬂbﬀﬁﬃﬀ
µ
ﬃQ¤Gﬃﬀ¢ ﬃ[	"ﬃﬁﬃL ﬃZﬃﬀ	TQﬂb[ﬃM.ﬂ ﬀﬃﬁ" 	1	ﬂ
rJﬂ

	


ﬃ	ﬂb
LbT k.ﬃT]3 Vqﬁﬃ¥

.ﬃUQﬀ	ﬃLiﬃQﬃ

 LKnﬁ"ﬂ T¦
!#

!
§ﬃ."	ﬂM¨©

.ﬃ1Q" .ﬂ 

¨ª

.ﬃL	Y.ﬂb«	ﬃ"ﬁﬃL ¬«­ ﬀ

{lﬃ	®	Q ¤
ﬃLﬂ ﬃﬀ¨d s3 .Lﬂ ﬀﬃw¯LaD	L¢."DS


Lﬀ

bﬃ¯4¨

ﬃ"ﬃN	" "	ﬂ LqQ"
."
	Q6 ﬂ ﬀﬃﬁ".ﬀi

."ﬃﬀﬃ	ﬂQﬀL¨c

 ﬃLﬃﬃﬁﬃY.ﬀ¢SﬃqﬃLLL 	'¤3Nﬃ	b	ﬂb¯	
äª¬Ñ	{u
#
I­
!
rwC®eSQ


	ﬀ

 ﬀﬃ	Q6 ﬂ ﬀﬃﬁ".i.e ﬃqLﬃﬃﬁﬃY.ﬀ
!
§ﬃ[s	ﬂ Qq"ﬂ 


Lc	°a¨r

QZ	LL ﬂ ﬃLﬂ °	;Q
}¶#·(¸º¹ »`±
 ²
³
´bµ
§
¶
´
¶
¥
}¶
´
·(¸º¹ »`±
ﬀ 
¶
 ²
³
´bµ
§
¶
´*·

¦
!
*¸
ﬃLﬂ 8¹mº
¹
W.ﬃqﬂb	.°¢c	Lﬁ

 

ﬂ ﬃQﬃﬀﬀa¨h

.ﬃkS


Lﬀ

bQ"
}
¶
´
·¸{¹ »±
ﬀ
."JsLﬂ.Qﬃﬂ 

NQ	ﬀVLﬀa¨T.ﬃDSQ


	ﬀ

 ﬀd	Q6 ﬂ ﬀﬃﬁ".L
!
Í«ﬃ	[¢	ﬀ	Y.ﬂ ﬀ¦lﬃ	}»¬ﬀ

ﬃ
LU.ﬃ¼	"	ﬂ ¨iQﬃT.ﬃ¼ﬃLﬃ °a¨T
"
ﬂb	¼b..L

sm¢SQ


L

 QWmSQﬃQ	¢b
.ﬃ.ﬃiSQ


	ﬀ

 ﬀﬃMmQﬂM.ŁlSGﬁﬃ"|6ﬁSQﬀﬀ¨
!
i%ﬃQﬃbsb.Lﬂ "e

.ﬃi	ﬀ	L ﬂ "
.ﬂbLl ½ﬂ Lb ﬂ QªP|cﬁﬃQw"b ﬂ ﬀﬃﬁ".ﬀ 5.SeQ¾|6ﬁﬃﬀﬃﬂbﬁﬃ¿[ﬂ 	Qmﬃ	
!
nSﬂl
ﬃﬀﬁ" d	ﬀ	L ﬂ Z4QQﬃXlSﬃﬃ
¶
´
¶
 À
}»TÁ
¥3Â
Ã
´
¥
}»
¨
§
Ä
²Å
µ
§
À
}»UÁ
¥*Â
Ã
Å
¥
}»
¨
§
ﬀ 
Â
Ã
´
ÇÆ
Á
´
ÈÉ
É
É
Ê
ËÌ
ËÍ Î Î
Î
ËÌ
ËÏ Î
Î Î
Ë
Ì
ËÏ
ÐMÑ
Ñ
Ñ
Ò
Æ
´*·

¦
!

#

ﬃLﬂ ÓhÔ% ﬃ

ﬂ L	LL ﬂ []Q L¤Ó
Å
Q"]ÓrÕgQﬂ J ﬃQﬃﬀ ﬁﬃﬃﬀSQVQﬃk.ﬂ QﬃbQ	ﬂb 
	ﬀ	Y.ﬂ Q©eQb Lhª ﬃ8	ﬀ

 ﬀ'¤¼QﬃÖÆ
´
] ﬃﬂ m ¾e ﬂ E g¤%ﬃﬀm«ﬂ Q..L
.";ﬂb		

ﬂ csPzv	L ﬀQ]Q [.Lﬃ ﬂl.";ﬃﬀﬂ LL.ﬀ×

 ﬃ;Lﬀ

b
!
Í«ﬀ ¾."
u6ﬃLﬃT

 ﬃT	ﬀ	L ﬂ ﬃﬀb ﬂ "ﬁ".ﬀ'¤ﬃqQ	L ﬂ}
Ø
s;¯TﬃPlS"	'¤
}
Ø

²
³
´bµ
§
¶
´
¶
Â
Ã
´
¥
}»
À
}»TÁ
¥3Â
Ã
´
¥
}»


Ä
²
Å
µ
§
À
}»TÁ
¥3Â
Ã
Å
¥
}»
¨
§
²
³
´bµ
§
Â
Ã
´
¥
}»
}»TÁ
¥*Â
Ã
´
¥
}»

¦
!

Ï

ﬃﬀmrﬃ	b	ﬂb¯	 ﬃdQ" .ﬂ 

¨l

.ﬃwﬃﬂ 

DQ	c	°a¨
!cÙ
bﬃi.ﬃﬀDQ	L ﬂlﬃJ	Qr¯
ﬃLﬂ ﬀQ	
!
}
¶#·(¸º¹ »`±OÚ

}»quÛ

¥

Ä
²
Å
µ
§KÜ Ý
Å
¨
§
²
³
´ µ
§
Â
Ã
´
¥
}
»
Ý
´
·
¦Î

wdÞ
}~
{
Écz
Þ
ËN
f
~
Þ¼{
d
h
ËW}
|
d
ﬀ 
Ý
´
 }»
Á
¥*Â
Ã
´
¥
}» Õ¾Û
§
¥
À
}»UÁ
¥3Â
Ã
´
¥
}» Õ¾Û


¦
!
-®4
ßa<."lﬃ }
Ø
Sq.¯hQﬀ 	ﬂb	<.8Q	Lﬁﬃ4

ﬂ¢ ﬃlSL­ﬃ

Lﬃﬃ	"	Z

.ﬃh"ﬂ 


Lc	°a¨

ﬀﬃsQﬂﬂb ¢dﬀ lS	ﬀﬃ	¤¯ﬀ]°."qQﬁﬃ
d"¼lS	ﬀﬃmHà
À
}»TÁ
¥*Â
Ã
´
¥
}»áS
.evqﬂb

Q	L84¨
À
Ý
´
¤KﬃLﬂ [Û
§
Qﬃ8Û

Qﬂ i.ﬃ¢aDGlﬃ

Qﬂ.QlL 	ﬂbAﬃL	ﬃL

Qﬂ
."%ﬂ 

O		l	4
!
§ﬃ

Qﬂ.]Y.	ﬂ¼Û

o ﬃ

ﬂ 

ﬂM.ﬀSQﬀﬀa¨T	Qﬃb.Q4D

 ﬃWQﬀ 	ﬂ L
}
Ø
Qﬃ
}¶#·(¸º¹ »`±
!â
	«."ﬁﬃ® ﬃl"hﬁﬃ Lh.ﬃ Q]cﬁ"qvLﬂh

lﬃ

ﬂ.QlL 	ﬂ 
."lﬀ Q ﬂ 

lﬃ	¤'.ﬃ]Qﬃﬀ Q ﬂ 

lﬃiﬃL Lﬂ ¯	U ﬃ]ls ﬁﬃﬂb	1	ﬀVLﬀa¨lS	ﬀãLﬁﬃﬂbQ	
	Qﬃ ﬀﬃ	ﬂ Qﬃﬀ¨]¯L  	ﬂ

	

Qﬂbw°.©nﬀﬁﬃﬂbd¦
!
Ì6
!
nSﬁﬃﬂb ﬃ	ﬂb]Qﬂ w ﬃdlsQbﬁﬃﬂ LZQﬃﬁVä
Oﬂi"LcO ã

 ﬃeﬃﬂb

TLc	°a¨

ﬂ å ﬃeﬃﬀﬂ LL.ﬀ½

.ﬃ]	ﬀ	L ﬂ ﬀlSLã
Qb
	Qﬂ ﬂ LL ﬀ¨hﬃL Lﬂ ¯	
!
nKQﬂJ.ﬃXlﬃ

Qﬂ QlL.Lﬂ J ﬃ

ﬀ*ﬀﬃ¢Qﬀﬁﬃ	D	ﬂ TVmQﬀﬃ	´
nﬀ

Qﬂ QlL.Lﬂ 

."
ﬃbQ.ﬂb

2lﬃ5´
Û


!

Ï
¥

ÎQæ
å

æ
L

Û
§
ÌoÌ4¦
Î
åXæ
	
Û


!
Ł
Ï
¥

Îç
	
æ

§ﬃ.ﬃLﬂb¨[

Q" .ﬂ 

ﬃQ	QﬃﬃﬁﬃY.Q]ﬀ]UQﬂ

	]

ﬃLﬂ w%4¨

Qﬂ¼]Qﬂ ﬃ°è[ä
	ﬁ"ﬀ SQe ﬃA ﬃ	ﬂM¨

QﬂDL	Y.ﬂbr	QﬃﬃﬁﬃY.Qhﬃ	b	ﬂ ﬀvLQ¯*Q
!

"ASQD.qLﬁ"J."
Qﬂ

	] ﬁﬃﬂ

Q	W[ LL ﬂ L¤c	QLﬁﬃO3. 	  	ﬂbﬃ

ﬂbSQﬃﬀ°.Lo¯LaD		].ﬃL W 	Y.ﬂb
Qﬃbqﬁ"O i ﬃkﬃﬂ 

w°.Àp;Q6 Yä\éJQﬂ ﬀr]Y.ﬃcﬃŁªÎÑ	
Ï
#
­
!
rAd ﬃqY 

	ﬂbl	4mQ
S.ksQOﬃﬁﬃ4.ﬀgﬃuJbsQﬂb	¤ﬃﬀJDﬁﬃﬀhﬃ°¨]¯

 bﬃﬀw.

ﬂ cﬃﬁﬃ	Tl"J.S3
	Qﬂ ﬂ LL ﬀ¨<"	 Lﬂ ﬀvLq.ﬃhﬃﬂb


	ﬀVLﬀa¨½QQﬃ."h	ﬂb¨cMmQﬀﬂ 

ﬃﬀe* "L
!
§ﬃh"ﬂ 


Lc	°a¨kQﬀﬃUQ ﬃ	ﬂ3 V	Q"[ ﬃWQﬃﬀvYaL	l.ﬃﬃﬂb

oQ	c	°a¨kQ"l ﬃ	LL ﬂ 
lSLeLﬁﬃﬀeﬃ°¨k¯

ﬂb	ﬃﬀL.L

ﬂbê.ﬃLﬂb¨
!"Ù


ﬂM.ﬁﬃS3.	°¨k.ﬃAQﬃﬁ"OQﬂ%ﬃYcO l

."]ﬃﬂb

UQ	c	°a¨

ﬂ Që.ﬃ[L	Y.ﬂb¡lS	ﬀ5Dﬁﬃﬀã¯

QﬂT]Qﬂ [4.Lﬂ Lb.ﬀﬃh.Sã."
QﬃbﬁV.QﬀﬁﬃQ¤vLsQﬁﬃb ﬁﬃm]dﬃYV.ﬀqLﬁﬃkﬂb	bﬁﬃﬀ%ﬀ[dﬃﬀﬃﬂb



.

ﬂ Qì"
 Ll	4T4.rQﬃQ ﬃ	ﬂdb	l	4	¤gﬃﬀ
 ﬃkﬃﬀ¢ﬃﬂb

A l¢ﬀA

lﬃﬂW

ﬂb.Qﬃ	

ﬂd ﬃ

ﬁﬃﬀ k ﬃ


!
rAU."k]MT

Qﬂbm6AS.r

ãﬃbQ.ﬂb

¤lﬃUQﬁﬃ1¯
ﬁﬃﬃﬂb	ﬀOQﬃﬀQ¤c.ﬃib.	

 

ﬂ cﬃﬁﬃ	Tbﬁﬃm8¡lﬃQASQﬃﬃQﬃ	
!
Í«ﬀ ½."©uc"*ﬀ	ﬃQh

.ﬃhLLL.ﬂblS	ﬀ
}
»ë½ ﬃrﬃY.LL.Qﬂ[Qﬃ<."

Q ﬀ 
}


ﬃLﬂ q."k	LL ﬂ Vä_ﬃﬀ

Qﬀﬂ wSs[vL	Lﬂ s3.	g¤g.ﬃk"ﬂ 



 
}

îí
wsQ"*ì¯
s	ﬁ"O 	4¨h °cﬃk."iQﬂ ﬃﬀSQﬂb¨]ﬃzgLﬂ 	4 OQ'P|6ﬁS.ﬀ´
ï
ï
í
}

Ô_ð_ñ
Rí

}
¶3ò
_óEô
Õ
ÌîõIö

}»

}

Ô@ð_ñ
Rí
 b ﬀ.
}

Ô@ð_ñ
Rí

Î
V
}



¦
!

Ł

Écz0Écz
h
~d}~WW}sd
{ÇÞ
Ë
f
~ø÷~¼A~
{W
}
|
d ¦"
§ﬃT Qﬁ" h

."|6ﬁS3.QZﬀJ.ﬃd ldﬃ

Lﬃﬃ	4wﬃﬂ 



 Z

 ﬃTmSQﬂ QUsQﬂ\ä
ﬂ ﬀ	ﬂb
!
ùúLù û üdý¼üTþý¼ß 	%ü 
 üü ¢ý	ß
Ù
4 oﬃì.ﬃ[4 	ﬂ.L.ﬀﬃd

äaﬂ s¨VU°..ﬃk"L.LL ﬂTe 	ﬂbOQX¤¯ ﬃ

ﬂ cﬃﬁﬃY.Q


L	Y.ﬂbVäa"

Qﬂb	¤vQﬃ ﬃqﬃﬂb

A

.ﬃ¢mSQﬂ QqsQﬂbﬂ ﬀ	ﬂ w.e ﬃq	Q6.QL d

."
ﬃY.	Y.ﬂ[SsQZ¯	Lb.ﬁ"ﬃL'¤oﬃﬁ"[°kb ﬀDﬃL	ﬃ[.¯hﬃﬀ 	ﬁ"  L¾"*.ﬃh"ﬂ 

 ﬃ
	ﬀ	Y.ﬂ QﬃWQﬃZﬃL9zv	L ﬃTﬃL 	L ﬂ

ﬁﬃﬀ 	Wh."iL4mQY.
!
§ﬃh		ﬁ"qﬁﬃO3.Q½

mﬃQﬂ Lqb.Qﬂb kQ
 c­Q¢ ﬃeLLL.ﬂbﬃkﬃ<ﬃﬀ	
bmﬂb¢ 
 

Qﬂ .¤ﬃm©ﬀﬀﬁﬃﬂﬁ "!$#

 	ﬂe ﬃ

äaﬂ s¨ªSrﬃ

bﬀ.L«ﬀ.]	ﬃLﬂ Q¨
!
qQ 
	ﬀ	Y.ﬂ QﬃdQ"ﬃﬀ	Wﬃ"ﬁﬃ	
mSQﬂ Q	AQ%ﬂﬁ!!ﬃL4mQY.
!
§ﬃ¢"ﬂ 

Q	c	°a¨W ] ]Q
	Q

ﬂ 	q°.k."

		[

ﬀ4s¤*.ﬃ¼Q4¨
.lD ﬃmSQﬂbq."	4mL.¼	Q
¯w	QLﬁﬃO 	[4¨[ °cﬃU."wL	Y.ﬂbb..ﬀ

ﬂ ﬃﬀ	°.[.ﬃW	ﬀ	Y.ﬂ Qﬃﬃ]"LD3
l" V	

Q ﬀ "
!
ßa] ﬃWvLﬃ"ﬃU."AmSQﬂb	"ﬃﬁﬃ	Lr4¨lQeLLL.ﬂbrﬃrTﬃﬀw3 ﬃA Ql

OQL
sﬃ	LVﬁV
!
§ﬃ	
.ﬃ	ﬀ	L ﬂ "Q"¢ﬃﬀ	Nb.Qﬂb.w 

Qﬂ.3.DQﬃ¢lﬂbﬂ ﬂGmﬃQﬂ LMmQﬂM
.8Q	Lﬁﬃqﬁﬃ.]½."r	4.QL 
!
Í«ﬃLﬃﬂb

qmﬃQﬂ r
ﬃ
ﬂb4QmﬃLk	Q6.QL	¤."
lﬂ ﬂbﬂomSﬂ W[.ﬃﬀ%	4mLDﬃﬃﬁ"		l4¨k.ﬃWﬃﬂb

¼mSQﬂb¼|6ﬁSvﬃ]


"
bﬀ 
 ﬀ'àvQG ﬃqQ ﬃ	ﬂdL4mQY.d	Qﬃﬃ'&b L	(r ﬃwﬃﬂ 

dmSQﬂbkQ4¨;]Qﬂ 
!
nﬀSQ°¨r."
ﬃﬂb

mSﬂ 
Qﬃﬃﬀﬃ.LD°.Zﬀ.ﬀﬃﬃﬁﬃL	Z]ﬀﬂ ﬂbﬂmSﬂ 
!
ßa×ﬂ ﬃLﬂq.1s	ﬁ"O r.ﬃ

ﬁ" ×	Q6.QL[ ﬃﬃﬃﬁ"		×lﬂ ﬂbﬂ¢mﬃQﬂ ZSQq 
¯©uc"*

ﬂqYLﬂb¨

 °.ﬀ<" "e.ﬃh"L.LL ﬂ
!
ß_[ﬀ

 bﬃﬀe.	QLﬁﬃO e."

 °.Q]ﬃ

LﬃﬃL6J]ﬀﬂ ﬂ Qﬂ%mSQﬂ QA4¨e"ﬂ ﬁ" 

ﬂb	¤VﬃﬁV."	ﬂ wD
lﬂ W	ﬀ	46¨
.[bﬀQT ﬃ

ﬂ QﬃLÞ´

ﬃTb.Qﬂb °.«Uﬂ 	L*)`wb		Qﬃﬀﬃ	4.°a¨ ª
Ð
Q!®Q¦
­
+-,.0/21

13/2.
ï54

+768,9.9:
1
:
¶

1;:
.
:
¶
ï=<
·

¦
!

Î

ﬃLﬂ 
.
Qﬃ
1
Qﬂ Qﬂ "ﬀ.ﬂ Qﬂb¨ibsQQﬂ?>SLﬃ
!
§ﬃL]w

		Q"bL%

QﬂbOQ"	NSQ.U¯
mﬃb	
!
§JD
L	Y.ﬂbb..ﬀWbL ﬁ

¼ﬀ.[."W QlWQ	lL ﬂb¨¤4"ﬁ"ﬃ{zv	ﬂb	4

Q 	4.Q

~
·
~A@
Y¤¼ﬃzgLﬂ L6]

Q	;mSQﬂ Q;ﬃﬀb ﬂ "ﬁ".ﬀﬃ


·

@
Y¤Qﬃ¾ﬃ{zv	ﬂb	4] ﬁﬃﬂ

Q	ZmSQﬂb
ﬃﬀb.ﬂbﬃﬁV.Qﬃ
ﬃB
·
B
@
wﬂ ¢b	ﬀ	L 	
!

ﬃ¢	Q8ﬃÇ ﬁ"ﬃb ﬀ.ﬁV.
.

~
¤
1

~C@
¤
/2.

¦

wdÞ
}~
{
Écz
Þ
ËNED"~
Þ¼{3FHG
ËW}
|"F

  (x )qf f   ’(x )q
q’(x )=0q
r ’= 0
r =q     (x-x  )d0 q
qq(x )=q0
q =?
s 1
1
  =0  for i=1-7 ff 1 f  ’=1,    ’=0 for i=2-7ii
C3 C2
C1
C5 C6
C1
C6C5
C3 C2
C7C4C4 C7
Iﬀﬁﬃﬂ l¦
!
Ï
´$'269 ,+49 2Ió.- &"(h&Äöóv÷*:?T-0õFõ&Çõ,#÷329õO>:ﬁJEKm÷*:9 :PöﬃóDöõî24?A:lF5÷*&
ý
Fóv÷*:¼ú#õO&"049 :? ó\&
0:AFb&"9 7*:	)û
ý
÷*:#õO:	23Fsóv÷*:NõI-/>Z÷-óöõO26?w:dF*÷*&
ý
F2[?A&c)4:9Zú9õ&"049 :3? óv÷32Ió,	26([0:A:s2*FH-B9 PiFb&V9 7*:	)AJ
 '&Äóv÷ú#õO&"049 :?wFq29õ:8õO:39/2-ó\:	)­0YPøüõO:	:3(MLFõO:L,3-0ú#õO&c,3- óXPÀú#õX-=(*,*-0ú49 :ÄûFM&8óv÷32-ók- óq-/FŁú&QFbFm-=049 :ó\&
FM&"9 7*:Xóv÷*:i23,5óm+3269ú#õO&V049 :?j0YPqFM&"9 7-=(*>¡óv÷*:k?A&c)4:9 ú#õO&"049 :?J
N
ÌﬁOQPS¤
/21SR
N
ÌTOQP
@
¤VUXW
U
¹
R
N
ÌﬁO
B
¤gQﬃYU"Z
U
¹
R
N
ÌTO
B
@
!\[
X]cﬁﬃ.ﬀ8sL«Uﬂ L	*)`
ﬂ L	

ﬂ c	°a¨

ﬂbﬃL

ﬀ8hVmQﬀﬃ	'¤Dﬃm¬	ﬁ

L ﬃa×ﬃ_^gLﬂ 	4Z	ﬀ	Y.ﬂ Qbm3.
 Y.ﬁ


+
,`
@
P
ïa4
N
+
6b,9`
@
B
ï=<
R
+
,9`
P
@
ï54
N
+
68,`
B
@
ï=<c

¦
!

*
§ﬃLra¢Q	ﬂM¨e

L	O¯bL ﬁ

Qﬂbwm" L
!

ﬃW L ﬁ

¼."Alﬂ ﬂbﬂ%mSQﬂb

ﬂ ﬃﬀ	
.[¯U °L'¤Sr ﬃ	Q TﬀJJ."ilﬂbﬂ ﬂDmSQﬂb3d
§
	4.QLAé
§
ﬃﬃﬁ"		4¨h."
mSQﬂbed	fDo ﬃ

bﬀ gAh	¤4Q%s]¯ L	l[q ﬃH>Sﬂ M

ﬂ.QlJ

IQﬁﬃﬂ ¦
!
Ï
!
§ﬃ

Q.L6 OQﬀ%

ﬃL4mQY.DQﬂ 
µ
Lﬂ 

ﬂo.ﬃﬀ

ﬂ "	Z¤Y	

ﬂ%.ﬃ	L4.ﬂ w	4.QL	¤V
."	ﬂ iQﬃﬀ¨hﬀ4.	ﬂb	MAﬀ ﬃi]ﬀﬂ ﬂ QﬂJmSQﬂbTﬃﬃﬁ"		;4¨h.ﬃT.LbWmSQﬂbidXfdQ";ﬃ

.ﬃmSﬂ L%q.ﬃL4mQY.%ﬂb	 ﬁ"ﬀ.ﬀﬃ

ﬂb  ﬃﬃQQﬀm
!
ßak.ﬃJb	Lﬃl L ﬁ


b	Lﬃ

ﬂ.Ql

IQﬁﬃﬂ ¦
!
Ï
AlV"	

ﬂ "	ø°.qﬃUmﬃQﬂ Lo" "D."JﬃL 	Y.ﬂL¤
kﬁﬃﬃ°a¨

Q.L6 OQv	4.QLAé
§
¤Sﬃ
µ
	ﬂb

Q 	4.QgZQﬀgQ ﬃ	ﬂL4mQY.ﬁ" 	
!
§ﬃAQﬁ"]

ﬂD ﬃd4 	ﬂ .ﬀeqﬁ"bﬀﬃ	ﬀﬁﬃﬃw ﬃw 	MmSQﬂ QQ¤"L4mQYWé
§
qﬁﬃM¯

QﬂM

.ﬃ ﬁ"ﬂ

QL

 ﬃ¼ﬀﬁﬃ]¤3Q4Q ﬃ	ﬂN ﬁ"ﬂ

QL	o

.ﬃD4.Lﬂ.3.QTQﬁ"]qﬁﬃM
¯A" "W ﬃdﬃY.	Y.ﬂ
!
Í«°.e ﬃA"	



."AlVﬃL

ﬂ "	j ﬃAlﬂbﬂ ﬂ¼mSQﬂb

Qﬂ
Tﬃﬂ 

%mSQﬂbA3Qeﬂ ﬃ°.ﬂ.ﬂb¨

bﬀ.ﬀk" "J.ﬃWﬃL 	Y.ﬂ¼se¯W	Q ﬀﬀ¨¢sQﬀ	ﬁﬃ.L
Éczkjcz<}

~ml
w|

|
k}~
{W
W}
|"F
 
F
¢o~
Þ
} ¦¦
ﬁﬃbﬃi	]6ﬁS l¦
!


!=[
on6ﬃeQﬀﬁﬃ	QﬂbH>Sﬀ	[k."WX]6ﬁS.ﬀ]Qﬃ[.ﬃWﬂ ﬀ4¼ "
sﬃ	Lﬁ"W	Q

ﬀL 	ﬀ¨
!
+
, `
@
d	fqp
7r
g
N
r
gAhm ï54 Õ
+
68, `
@ B
ï=<
R +
, `ts
Î
ï54 Õ
+
¯
à
Î
s
B @
ï=< Õ
+
68,\u v
à
`ts
Î
ï=<

¦
!


§ﬃUaD]ﬂb	]Qﬃﬀﬃ¢ 	ﬂ lﬂ LO A."ilﬂbﬂ ﬂDmSQﬂbdxw	4mLwéywDﬀ.h ﬃ

ä
.L4.O
`
@
zr
gAhHo

 ﬃW]cﬃ	

ﬂ ﬃﬀ	
!=[
¼.ﬃWlﬂ ﬂbﬂomSﬂ w¼ﬃﬂb	Y.ﬀ¨

ﬂ 

ﬂM.QSQ
.k ﬃ

Q.L4.O'ﬀﬀﬁﬃ ﬁSﬀ¨esQﬀLr.ﬃUD	Q6 ﬃ

Q.L4.O
d{w
R|`
@
w
+ 6b,
µo}
à
B
ï=<
R~+ 68, `
@kB
ï=<
R
N
+ , `
@
d	fqp
-r
g
N
r
gAhm ï54
R
N
d	f
sx`
@îEr
gAhm

¦
!

¦4
éwLﬃ	r ﬃhmSQﬂb

ﬁ" ;d
ó
îí



Q4¨<L4mQY[sQ>ﬃSQ°¨5vr	QLﬁﬃO3.	
!
ß_kﬀ¢."
 ﬁ

Lﬂ

 °.QZ

 ﬃT]ﬀﬂ ﬂ QﬂmSQﬂb

ﬁﬃﬀ 	W

Qvﬃﬂ 

mSQﬂb	ed	f
´
ç´
d
ó
îí

R
³
´
N
dXf
´
sx`C=
¹ \±
ó
	r

´
îí
 

¦
!

Ì6
§ﬃi	ﬂbﬂ L

ﬃﬃﬀﬃ[	ﬁﬃﬂbﬂ 	4t
ó
Rí
JJ ﬃU.ldﬃLﬂ °Q3.ﬀQU

.ﬃTmSQﬂb£´

ó
îí

R
ï
d
ó
îí

ï
í
R
³
´
N
dXf
´ﬁ
`o=
¹ M±
ó
	r

´
Rí
 
s
r
¶I·¸{¹ »±

r
»
	r

´
îí
  
­

¦
!

¸
ùúŁ 1ü  2- eý¼ü kþWýV	ß  ßþAüý
Ù
4 ""*T¤QﬀoﬃQo¯		[ﬃﬀ Lﬁﬃ b	lﬃ®dLﬂ ]QﬃﬀﬁﬃÇﬃL 	L ﬂ%sq.ﬂ.ﬃ

ﬂb  ﬃ	cä
	ﬂbQ¨hﬃ

Q ﬀ 	4¨

äaﬂ.s¨e4.[QLﬃ	ﬂbQ¨Qﬃ

 °.ﬀhﬃ

	"ﬃ	4wﬃL 	L ﬂ

ﬁﬃﬀ Q¤
ﬃﬁ"¢ﬃrM.ﬀ%ﬃL	ﬃq >Sﬃ<Qﬁ"¢S3q

ﬂ ].ﬀ1sQ½vrH c.ﬂ.L.L

ﬂ  bﬁﬃm
ﬃY.	Y.ﬂ

ﬁ" 
!
§ﬃrlM¢ﬀ

ﬂb.Q4i

ﬂbe3.Q5ﬀ
 ﬃeLﬃ	ﬂbQ¨½

.ﬃ]ﬃLﬃL6

äaﬂ.s¨
!
ISﬂ

äaﬂ.s¨


	Y.ﬂb L

¨½."	ﬂ 

ﬂ ]ﬁﬃ ﬁﬃQ°¨1ﬃﬀ¨ ﬃiq5!!$ﬀ""ﬁ#"ﬁ"Ca 

I
â¼â
TQﬂ ]ﬂ 	ﬀLQ4s¤
QWﬃ°¨r.ﬃL 
LL4.dﬃ

Q ﬀ ﬃi QmNLﬃ	ﬂbQ¨

.ﬃ
ﬃ°.O

äaﬂ s¨.ﬃiﬃL 	Y.ﬂLà

ﬂTQﬀQ ﬃ	ﬂUYL6 
"QTLQ	ã ﬃULﬂ ﬁﬃLOQ

L	k



Qﬂ ].ﬀﬀdﬃLﬁﬃ"	1."
ﬃY.	Y.ﬂ

ﬁ" ¤S [.S3.ﬃY¨ﬃﬀ¨e	4 ﬂ "ﬁ".U.k ﬃTSQn6ﬂ Qﬁﬃﬃ
!
[

.ﬃhLﬂ ]Qﬃﬀﬁﬃ ﬃL 	Y.ﬂb[ﬀ¼¯rﬁﬃ L­.ﬃY.	Y

äaﬂ.s¨cqL]° .L

ﬂ Q 6ﬁﬃLL
¡£¢¥¤e¦ﬃ§{¨X©{ªk«¬T­¯®{¨"¤­£«°¤§x±q¤­£²"­£³´9µ¶®X¤b­·³8±"¸¹¤µ¶¨"®°º{³b¨-«-©x¸·­£¦V¤¼»½¨«-³µ¿¾$¤H¸8§x±q³bÀ"­ﬀ¦·Á5¤§{­Â¸¹¨X³³b­£¦ºT¨X®x«-µ¶®{À
­·ª¶­£¸¹¤³b¨"®x¦Q±"®x«t§{¨"ª¶­£¦£Ã
Ä£Å
§{­·´±"³­¯±qªk¦ﬃ¨Æ¸£±qª¶ª¿­ﬀ«3Ç8È-É$ÉËÊﬃÌ·ÍﬁÌ·ÎÐÏqÑÊ¶ÒxÌ8Ó£ÔÌ·ÕÌ¹ÍTÖ_×Ø±"¦V¤§x­·´¸¹¨X®X¤b³µ¶¬{©-¤b­e¤b¨¤§x­t¦§x±q³bººT­ﬀ±qÙ9µ¶®°¤§x­
ÚﬁÛ
¦ºT­ﬀ¸ ¤b³©{ÜÝ³­·Þx­£¸¹¤µ¶®{À¤§{­ß¾à©{ª¶ª
Û
­£®{­·³bÀ"´e­£²"­£®X¤8¦·Ã
¦ﬁá 
wdÞ
}~
{Sâ
z
Þiã
ED"~
Þ¼{3FHGäã
W}
|"F

ﬀ ;Qﬂ QUﬂ 	L'Q	ﬀVLﬀ.ﬀ	L¤ﬃﬀWﬃL	L .ﬂb¨.lY c.ﬂ QLw

ﬂ ].ﬀrﬃA"ﬀ¨hvﬁV
."k	ﬃLﬂ Q¨Q¤'ﬃﬁ"T rQvQﬁ"d."kﬃﬂb	L 

.ﬃkL]°  	

äaﬂ s¨ﬀ rﬃﬀﬂ 	Y.ﬀSQ
ﬂ L ﬀﬁ".ﬀ¢ﬁﬃmvY  	ﬂw SQ ﬃqﬂb	 Qﬁ" ;ﬃL 	ﬂ l"	84¨Z.ﬃqbﬀﬃ


."
ﬃY.	Y.ﬂ%ﬀqﬂbﬃ	ﬂ UQmﬃﬀLQdVc9åd
ﬃ
LﬂLﬂ ﬂb	L 
!ﬁ[
I
ââ
ﬃ

bﬀ.ﬀ.	ﬃLﬂ Q¨
¢ﬃQﬂlﬂ D4.Lﬂ.QY.Qﬃ	¤3

ﬃﬀmq.ﬃJQbﬃDqﬁﬃbov

ﬃQ V"^gLL
!T[


ä_ﬂ.s¨c
.ﬂ s	Vﬀ.q ﬃ

	L[

Q6N."J.l¯LaD	Ll ﬃ	b4.Lﬂ.QY.ﬀﬃoﬀoﬃ	QQﬃﬀDﬃ
sﬃﬃQDvwﬂ L °	e	LL ﬂ ﬃﬀsQﬀﬀ¨
!=æ
Lﬃ	W.ﬃLﬂ AﬀD"¢lsQﬃ¼.
ﬃM.ﬀﬃﬁﬃﬀ [.ﬃe>Sﬂ M
4 	ﬂ.L.ﬀ'¤cﬃ TﬀV	.ﬀ] L ﬃ	ﬂJ°.h."dmQﬂbL

 °.ﬀrﬃﬀﬂ 	Y.°¨eﬃY.Lﬂ lﬃL
."

äaﬂ ¨ZL]ﬀ  ﬀ"ﬂ LL '¤

ﬂb Q.ﬃLﬂAﬀ6 	ﬂ QL ﬃW	ﬀ	Y.ﬂ Qﬃ	Q°¨
!
§ﬃqﬀ4.	ﬂ QYä
.ﬀ½Qﬃe	Q<Y 

	Yq.;cs ]ﬀﬃ ﬀﬃl ﬃe"L.LL ﬂqlb
sQb°¨1T.ﬃ]4.Lﬂ.QY.Q
ﬃLﬂ U.ﬃTQﬂ Lb

ﬂ QL h

."Uﬃ°.OvLﬃ	ﬂbQ¨h

.ﬃ

ﬃQ.Q;ﬀJﬃ

bﬀ.L'¤KQ."
mSQﬂb

ﬁﬃb	d

.ﬃﬀA4 	ﬂ.L.ﬀ;ﬀGﬃQ]ﬀS.T."
.mQﬃY.	Y.ﬂ

ﬁﬃb
!
§ﬃwVä
.Lﬂ.QY.ﬀhvvT	Qﬀ	r."22ﬂﬁC¹"£ﬂ5ç"ﬃbèx
!
ß_o"VLﬃQ]ﬁnQD 	"  Ab ﬁﬃ"¨i.ﬃDei4.Lﬂ.QY.Q
ﬁﬃ"	b°.Ncs TNb ﬂ "ﬀ¨
ﬂ LO 	Z.e ﬃi>SﬂbbA4.Lﬂ.QY.Q
!
IKQﬂwﬀ*

ä_	ﬃLﬂ ﬀ	L¤gQﬀ]QbwQEI
â¼â
AﬀG¯

ﬃ3ä
.c	ﬀ	Y.ﬂ ﬀ[Qﬃbﬂ

 1Y	4 ¢ﬀ ã"ﬀ¨8Qﬃ]ﬀ4.	ﬂ QL g¤'
!

!
>ﬃﬂ b¢Qﬃ5]Q14 	ﬂMä
QY.QãLﬃLﬃ
!Q[
¢"1	"	ﬂ Q	
Q¯

!
¸'é;Xêlbi

 ﬃI
â¼â
TﬀoSse

QﬀﬂMä

ﬂ cﬃﬁﬃY.Q;W ﬃÆ>ﬃﬂ bA4.Lﬂ.QY.ﬀ
!Aæ
Lﬂ 
Q4Qﬀ'¤ﬃ."Æ>SﬂbbA4.Lﬂ.QY.Q;ﬃ."
]Qrﬀ4.	ﬂ QL hL"	"Q¤ﬃWQﬃﬀ¨
ë
¸V3nQ"ê ﬂ Usﬂ ﬂ ﬀ	s¨r6¨e.ﬃUb		QﬃSQﬂM¨

ﬃ.ﬃ

ﬂbV"ﬁﬃ	L;ﬀ ﬃ

Q ﬀ ﬂ ZQ"ﬃﬃﬀO 
!
ISﬂ	"	ﬂ Q	¯LaD	L8Q¯ﬁ"T
ÎQÎ
nXêQﬃ

!
¸2éZXêÇ.ﬃ3>SﬂbbW4 	ﬂ.L.ﬀﬁﬃbﬁSQﬀﬀ¨
ké

 r 	  	ﬂbﬃ
!ìæ
Lﬂ A ﬃ¯>Sﬂbbﬀ6 	ﬂ QL eQﬃr."del4.Lﬂ.QY.Qrﬃqﬃ
ﬃL		b.Qﬂb°¨;L"	"
!
ISﬂW]°	

äa	"	ﬂ ¨»0ílQ"ré

 ;bsb.Lﬂ "rQﬃQiî
."iﬂb	.°U	"	ﬂ ¨hbyïWﬀﬀQ	Z6¨
ï
R

N
L

î

N
L

îQð
Ë
Ì8ñﬃò
ó5ô

¦
!

#

§ﬃJﬂb	.°	ﬃLﬂ Q¨iQ oo

ﬁ"ﬃL 


.ﬃDﬃ°.Q	"	ﬂ ¨¢ﬃ¢." 	  	ﬂbﬃUﬃ
 ﬃäIﬀﬁﬃﬂbd¦
!¿õ"!
ß_Jﬀ4.	ﬂb	M."q.kﬃQ A.ﬃ

ﬂhﬃ°.O

ä_	ﬃLﬂ Q¨evL
SQ

."¢ﬂ LbU]QbA

 ﬃ¢L	Y.ﬂb."qﬂ LO ﬀi	"	ﬂ ¨ﬃ

Q ﬀ ;wQﬀs¨cdvL
¸
Î=ö
¤'br.S3TﬀUﬀdﬁﬃﬃﬀ÷nQLﬀ¨Z.S3d.ﬃ9>ﬃﬂ biﬀ6 	ﬂ QL 8L"	"	dﬀ 8.ﬃk]Qﬀ8Vä
.Lﬂ.QY.ﬀ
!oæ
	ﬂbd.ﬃUﬃﬀﬂ LL.ﬀ

ﬂ Q¥ ﬃdmQﬂbL q.ﬃÂ>ﬃﬂ bﬀ4.	ﬂ QL esQb ﬂ "ﬀ¨
ﬃYV.

ﬂ   ﬃﬃﬀﬂ LL.ﬀ¾ ½."]Q×4.Lﬂ.QY.ﬀ
!Ø[
rﬃﬀ®ﬀﬃﬀ OQ

ä_	ﬃLﬂ ﬀ		¤
	°.ﬃLﬂ]ﬂbU.SQ8¸
Î=ö


."
ﬀﬃﬀ OQv	ﬃLﬂ Q¨Zﬃ

Q ﬀ 	;;eé

 Väabsb.Lﬂ "
âzkjcz<}

~ml
w|

|
k}~
{W
W}
|"F
 
F
¢o~
Þ
} ¦4¸
Dummy
q  [ o ]
1st interaction = main interaction
lo
st
 g 
-
en
er
gy
  [ 
%
 ]
100 keV
150 keV
225 keV
350 keVø
500 keVù
700 keV
1000 keV
1500 keV
2500 keVú
initial
energyû
0ü
20ý
40
60þ
80ß
100
0ü 50  100 150
I
	l¦
õ
´ ﬀﬂﬁﬃ "!# $%&%'(ﬁ)+*,$-/.0$ﬁ)%21340ﬂﬃ5(ﬁ6(ﬁ0ﬃ718 $ﬁ:9;ﬂ."ﬂﬁ9(ﬁ<$ﬁ
(ﬁ =;;ﬂﬁﬃ "!>;ﬁ9ﬀ%21340ﬂﬃ5(ﬁ?@ﬁA  J5KCBD%EB9;F9?ﬂﬃ Fﬀ-GﬂﬃIH8%JKBLﬃ 8A$ﬁDMCBﬂﬃNDKBPOﬃN%2
(ﬁ0ﬃ718 $ﬁ<QRMSBﬁT.ﬂﬃN$A18F89(ﬁRUKBV*,$-/.0$ﬁ#XW,818YQZ%ﬀ;[0$-P1F@\ !+@ %&$VKB
-G;]ﬁﬀ]ﬁ0ﬂﬃ718 $ﬁ5J
	L"	 4s¤¯ l.S3W 	>^ MdQ"Z 	
]"ﬀ_ﬀ4	F QL
Z"V.]ﬀsQﬀﬀ¨l	"ﬃ8	¤SvQ 
4
	F.LﬀﬃLﬃ8	¤SQ°.ﬃN	 b.SQ¸
Î=ö


.	`ﬀQ

äa	 	8
Q¨:ﬀ	

&ﬀ	L
[.	y>^bbb4	8.QYQ'¤4%.	w 	 
	F
ﬀ
Q	Cﬀ"	FM¨]be@¤Q 
 S¼.	A 	 
	F&	 

ä4 ¨cﬀDﬃ" ﬃ°¨k	Xd^	 Y	 

bê.	A
	 Yﬀ]

.	GﬀQ

äa.s¨
æ
	LﬃF	w.	WN"	 M
	YAﬀ'¤"	 U&	 Lﬃb

ﬃYﬀl 	TN&	 YQZ

 	Y	L?° 
	 

ä4.s¨

 á 	

Q
°ä
ﬀ1

 	[eﬂV4	8.QYﬀVﬃM	sã

.	2>^bb/4
	F.Lﬀ'¤GST ;e	c	Y 

	 L
	 



ä4	L	F&N	L	Yab	8	 ½¸
Î
n"	XêQﬃ¸
ÎÎ
nﬂ	Xê>
[
W.ﬀwMm"	T.	

ﬃﬃﬃQ?	L4mQ

4¨c
ﬀ		¤Kﬀm8	L
	Fb?ﬀ	i 	i	L
	 L Ae	 ﬃfﬀ	¤
Ss	e	F	L

&	 &	 4	Lg­	LmﬂQ" 	h]"Väa4	8.QYﬀ½LﬃF	

s¤om­hﬀe	

ﬃ
NN	L®.¾Qm	L	ã­	Y 
	F'åd
ﬃ
	F\äa 

hL
&	 L
g¤JSQe	F	 ¬ﬀ F" 
	LiW§	
QSﬀ¨c
ﬀ

.	W 
	8	Wa¨

	 

4
	F.Lﬀﬃ%
½
ä4.s¨c¼hﬀ.l] 
	F¼SQ
	Y	sN	 l.S3
ﬃ°¨

wé

.QVä4	"^,	LLy>^ MGﬀ6
	F QL
ﬃ

 ﬃ	 l	ﬃ8	Fbl.	iåd
ﬃ
N	F\äab


	"

	LL
Ss"	[ h	'	H 

	LL	L'¤QÂ>^bbiQ"5]"ﬀU4
	F.LﬀﬃhﬃU	 8	 b."&ﬀ¨
	"ﬃ8	ﬂgßa

"b
8ﬃO"W.	'	L	F&Q¨# Q	ke	Laj	F	Lª*¸
Î
nﬂ	XêáQﬃã¸
ÎÎ
nﬂ	Xêk

 cä
N	Le3¤Q¼.	WN
	LL
ﬃ

b.	."
"	L¼.T.	e>^bbQﬃ[.T.	]"c4
	F.Lﬀ'¤
¦l monSp
ÞGqsrutSâfvÞiãxw
D
r©Þut3FHGäã
m
qxy"F{z

	8|
}e	F~X"	F3	8f 	`~FŁ|
N	Fﬂ"
ß4VŁ
	FG
Ł)ŁKﬂN]@^";
K"	LNAŁ
?ﬂŁ<"Ł"P	'	XA}	8~8
	F}Ł|&
NŁ+&	F|&ŁNVä
Ł_N)	/	X	F~XŁG"_	/
	8|
Nﬀ	8	F&"_
	8|
ŁŁ_ﬂ7	8¯åPŁ}}N	8{~FŁ&
	F~XŁ
|
LNﬂŁ|u"&	G	8	F	8i{	S|
N> ﬂ
NŁ|u
	F~K÷]@	F|b|
	8)N?
N|bŁ"ﬀnﬀ"
	S}
	8|
	8Vä
	8:N
	PŁNŁhN@{	X)|&

Łﬀ
	8Ł	P^"ﬀ	F;Kﬂ,	8
?"Nk	8	8~8
Ł
};f|
~F|C}
	8|
	F;
	F+e	8Ł&	"
ùúF    	¢ýV	ß ®üTþHFü
C0h A{ ¡G¢/£`¤,¥2¡{
¦J"|&	F<Ł<
	Y"	F
?"'§4	X	F~XŁ{}@f|&N~F|SN|&~F|&|
	8+N:	/}&	8fNŁ|S|&	F~8
NŁ|S	
}&Ł}	8&
N	F|¨Łﬂié<©0ªC©0¦
[P«¬«#­
|&
	FuﬀŁAN	{"ﬀŁﬂe
	té<©0ªS©0¦
[P«¬«+®
§
­
N|2	Foj	F&	
|
LNﬂ	8i{	/|
LNﬂŁ|jj	F&	Y|&}N{Näác_^,	8
	F;C}^"2|b´
¯
{	<|
~Fﬂ

	F
°ﬂ±"|
Ł&}ŁgŁ"

§43f|²
	U"	F
?"³?ﬂ	8
N"bb"|
|&NLNﬂ	8)|
'	Y´`µ
[
ªS¶}^"~n"	

­
µ·CªG¸
®ﬂ¹

¯
{	2I
	åPÐ^	F&	F~8	é<	8
ŁAgºI åé+»SJﬂ|Y|&	FVŁ_Ł"NV)|
~F&	8
N¼3NŁ"
Ł"j	?½sŁ"N|
|&Ł6	X]@^ﬂŁ

´D
Ł;¸Tá
¹
"6U¾f~F~8	F|
|&"	

	F0§0·h	FNﬂŁZºI¾

·S»
|&Ł"	F

æ
"~3¸
®ﬂ¹
Jﬂ|Y|&	FŁ:~3"~FNﬂ	L
	c	F	F~8

Ł|2Kﬂ
N~9>^	8NN#	ﬀ	8	8~8
Ł
"_
	Db	8N;c}Łﬂ	F;
 "|JŁ"x	`~FŁ"
	/":	`|&	Fﬀ	F;C~FŁ;"~8
|F
¯
[
|
	8~FŁf§4Ł&	FSN;	8ﬂ
Ł

¾fŁ;¸"¿
¹
J"|G"}}N	8:
Ł?
	

&N^ﬂ&äåP_^,	8
	F;
 "
µ]@^ﬂ
NŁ|Yº

åDµ{^~8Ł?}"
	Dh
<	X]@^ﬂŁ|
®
À¸;Á
®
]ÂTá@»uŁﬀ~3"~FNﬂ	P
	Y
7
Ł"x	/~K"
	8|S	`	X	8~8Ł"G":
	/
	F|&
N'	8	8~8
Łh}N|&	F|8
¯
ê"&NŁ|ﬂK§4"^"f|
N|¨}
Ł
"ﬀ|uj	F&	P"}}N	FcŁ`	C|
L 	Fﬀ^ﬂ;|
Ł/^
|&NLNﬂ	8U|&}	8~8
~FŁ"N+e	>	F
	8i,{	>
	F|&
|Gj	F
	>~FŁﬀ}^"&	FUh+ﬀ	3§
|&
	8?	8@
|F^h	8
	Yﬂ" "N	"
{	ﬀ|
L NŁ"|`"Nﬀ	F#
Ł<	X	8
ﬀN	c^"|&N~c}&Ł}	8&
N	F|/Ł"j	ﬀ	8
	F~XŁ&|>NÐn"	L
	F
	8Ãﬀ~8N	F~8zI^2	8
ﬀŁ
	/	'}@f|&N~3ﬂoN?Kﬂ
NŁ|{Łﬂ
	'	X	F~XŁD""@N"
4_j	F&	
	8|&
	Fi5I^"N5"|&j"Ł&?|xŁ/"~K	8	SD|
K"N	{}eŁ|
NŁ"'
	F|&ŁNANŁ"'N|&N	{	
	X	F~XŁcﬀŁAN	j	F&	<	8	8NŁ}e	FZ"²	F	F
ﬂT
	8|
ŁŁÄ}
	8N~XNŁ"|Lb	8
	:?"	"
¦b	XŁ
	`	8|
	Y|
N> ﬂ
NŁ|JhNN,	/N|&~F|&|
	8#N_~K^"}
	F¯áﬀ	/_^,	8
	F;S}^"2|CŁ"o	
|
LNﬂŁhN,e	`	F|&~F
	8<:?Ł&	D	8"NÅ
âfvÇÆ@v<ÈAy
l
ãsw
p
qxyXÉ{zÊqsr
mon
zSyXË°ãsrÈ
®;Ì
C0h2Í ÎÐÏVÑ¶ÒÔÓ ÕG¥&Ö×£/Ø2Ùu^¥&¡{DÚ
{	9é<Ł;	E§
­
"&NŁﬀ}^"~n"	>´/µ
[
ªSDe3"ﬂN ﬂN	G&Ł
­
µu·CªYJ"|C|&	FU
Ł?|&NLNﬂ	
	D|
~3
	8
c"_"|&Ł
}ANŁ")Ł"¬Û§a3f|{N
	D	F&ﬂN×?ﬂ	8
N"I@{	D}^ﬂ~nﬂﬂ	
|&	F|b
	S	8	8~8
Łb	8Łﬀ	82;	G	X	F~XŁj	F& "Åﬂ
	G|&Ł
~8	G}eŁ|
Łi"
	G|&Ł
~8	
	8NŁf~F4:")	/Û^§4	8	F&":"|h}h}^ﬂ"ﬀ	8
	F
|C"<~F"N~8 ﬂ
	F|J
	`}Ł|&
NŁif4f}	ﬂ
"Ü	8	F&"ÜŁ"/ﬂNSÛ^§a3g;	F
"~8
NŁ|F0I^2	8
ﬀŁ
	_	#	F~F	8N	8ﬂ
NŁÜŁ"D
	+5"|2
	F	F~X
Ł"6º}Ł"|


Ł^»uh
N
	D	X	F~XŁ{?ﬂ
	F
N"")	D"	F	8ﬂ
NŁ)Ł"x|&	F~FŁ"^"2
¦b&	Fﬀ|
|&
"NVÛ^§4
f|8j}eŁ|
&ŁA§0ﬂNN NŁ"Û^§4
3A|8bﬂg	8N	F~X&ŁA§4ŁN	)}^ﬂN
|c|
N~FN	F)	D|&NLNﬂŁ|8A|&Łc
^ﬂJ
	`"~X^",	F	8
")	F}eŁ|
	F:)	3"~K:|
	8ﬀ	F;
~3ﬂ<e	`	Xf
"~8
	F:
ŁÝ
	`^ﬂ
´`µ
[
ªSÞN|jN	F"Nc|
	8ŁL	8
	P	X	8~8Ł"J}
Ł"}	8&	F|J÷nﬂ	G	8Ãﬀ~8N	F~8?	F"}e	F	E§

ﬂŁÄ	F}AgŁﬂG	_Û^§4
3¨	F	F
ﬂÄN|2

NŁ|'ŁﬂG	<_^,	8
	8@ﬀ|&	Fﬀ	F;|8bﬂ
	P};f|
N~F"iNﬀKNŁ"|oŁ"ß
	P}eŁ|
NŁ"
	8|
ŁŁ	PŁL	ﬂ\L}N	h|
~Fﬂ

	F&N
à	8Y	´`µ
[
ªSá|&NLNﬂŁ|`"&	Łﬂ>|&Ãﬀ~FN	8;>Ł<|
L 	c	F	8
"R"°}Ł"|

NŁ

	8|
ŁŁii|&N~8	?	ﬂ\i	cﬂN|`Ł
?ﬂ
NŁ#ﬂ
	?"N"D
	Xâ^	8?	8@/hNoe	
	Xf
"~X	FU@_}N|
	E§4|&^"}e	L"^ﬂf|
|>º5½¾
[
»{Ł"o
	Y~8Ł
	Y|
^"¬"<	>|
	8ﬀ	F;G|&Nﬂ§
^"|F^&	F|
}e	F~X	Fe{	F&	8Ł&	>Ł	Y	8	F|CŁ?|
N> ﬂ
	DŁã	/}|
	8|G"&	Y"	F	8ﬂ
	F
Ł)	/	8N	8~8&ŁA	F|S":Łä
	8_"&	D&
	F{}&ŁA~8	F|&|
	F,
C0h0 åTÙjØ
¤¬£`Ø&Ù¨¥2¡{æ¡Jç)èDéáê#¡jéoJ¥&ÙjØ&Ú
{	{	8N	F~X&N~bâ^	8Nﬀ"L
	Jj	FN"@
ND}eŁ"
	F;N"N|sNL	{	8
	F~8
Ł¨Ł`Ł"o~FŁ;KﬂN'^ﬂ
ﬂ/N|`N&	F~XU
	8N	8ﬂ";`ŁDÛ^§4
+|
}e	F~8

Ł|&~FŁ};"x"	8/	8N`Nd	F~8	?Ł"
	?}N|&	
|
"}	jN|x	FŁ"
ﬀŁ|F"|x	X/	8
	F
ﬀN	
	j
7x	8NŁf~F4/"Y
	bﬀN&
Łß~K"
	8|FC©4
~FŁ"@
"|2oŁS}
	XfNŁ|sbŁ£n

´D^¸
Ì
"½s" ¸
Ì¹
h	8
	{~FŁ"?ﬀ	F&~F ﬂNG3ﬂ"NN"N	u}&Ł
"?|
j	F
	/|&	Fie?¾

·ä|
Ł	8hb"|C	8"	FŁ}	8+"<ﬂ}}N	F)Łc	Y½ØåDµ¨ë&§a}
ŁN	Fﬀ|F{	
~FŁ"?ﬀ	F&~F ﬂo}
Ł""ﬀ|Db	8
	?~FŁ|&N	8
	86N|
Ãﬀ~F	F;3x"|/Ł	?Ł"j	8ì"NŁj	FV	

	8	D"|&|
N"?	8;bŁ"ß
	P|&}^"~F	G~K^"
"	PN|&N	h	P	8
	F~XŁb"ŁN?	>º5~8Ł
&	F|
}eŁN>
Ł
	S&N;&§a^"ﬀ|
	hŁ",
	S½sŁ|
|
Ł"	 ]@^NŁ"»X5I^&
	F&?Ł"
	{	C|
	8 §a"	{}
Ł""
"NŁb	8)Le	8

	FJ~8Ł;&Ł,Ł"¬
	P	F&
Łb	F|&
N?ﬂŁ"F@{	`½sŁ"N|
|&Ł:	 ]@^ﬂ
NŁ?J"|{N|
~8
	E§
¼F	8#Ł)
	F" "S
+h
V|&	8}V|
N¼8	'Ł"¿]í?î|&N
	°IN	åPÐ^	F&	F~8	
é<	XŁfi©4cŁ&	Fo
ŁD	F|&~F
	J
	{eŁ^ﬂ
N	8|FeŁ^"&>}Ł"N;|j	F&	h} "~8	FLh
ï£Å
§{­uðo¨"µk¦b¦ﬃ¨X®y­&ñ	©x±q¤µ¶¨"®¯µ¶¦Q±JðC±"³ﬃ¤bµ¶±"ªò?µ\óﬁ­£³­£®X¤bµ¶±"ªfôeñ	©x±q¤µ¶¨"®>õðeòôö
® õ
monSpP÷
qsrutSâfv
÷
ãxwxÈr
÷
tDÉ{øäã
m
qxyXÉ{z
0ù
10
20ú
30
û
0
ù
10 20 30
û
0ù
10
20ú
30
û
0
ù
10 20 30
û
0ù
10
20
30û
0
ù
10 20 30
û
E
Z=10
E
Z=20
E
Z=40üY 
[ m
m
 ]
0
ù
250
500ý
750þ
1000
1250
1500
1750
2000ú
E
Z=60
X [ mm ]
0ù
10
20
30û
0
ù
10 20 30
û
ß
	
®
]¸f´ %&$A][0u@\[¨$KBuﬂ F1XKﬃÅ1uOAﬂ 9	


(ﬁKBj9;X0F1X0$@ﬃh9 WﬂﬃNﬂﬁß9;.KB%

-/-

$;ﬃ¨ﬀ1F$ﬁ%02@ﬁD]-Y.;[;ﬃ5 5!?18$ﬁ1FﬁKﬃ7$ﬁ?$
ëﬀ
1ﬂ-ﬂﬁﬃY;ﬁ9: %h$ 2Y$
!

#"%$'&
B`ﬂ F18Kﬃ51/O 9< %C%0!;-/-GXKﬃÅ1)(%&$ﬀKBb$ﬁ; !L+*[ﬂﬃN0ﬃ$sKBY9;X0F1X0$@ﬃjﬁF89;%
0$,>%XB$3MCﬁ
$.-
 F1XKﬃÅ1LOAﬂ 9:%2KﬃNﬂﬁ"KB%D0/ﬂ1FF89(ﬁ21
34"65
1-×ﬂﬃN'@ %&$)%EB$3MCﬁ_]ﬁ ; 1H
$
&
Bﬂ4ﬃN$ﬁXMÜ$sKB/9;808180$;ﬃ¬MC KB>KB/%&8-Sﬂﬁ2$ﬁ?\(ﬁ8%P%G(ﬁ1][9;89_(ﬁYKB'.18K[;ﬃN
0$ﬀ[9;PKB`8!8
$
âfvÇÆ@v<ÈAy87Yãsw
p
qxyXÉ{zÊqsr
mon
zSyXË°ãsrÈ
®
¸
0ù
10
20ú
30
û
0
ù
10 20 30
û
0ù
10
20ú
30
û
0
ù
10 20 30
û
0ù
10
20
30û
0
ù
10 20 30
û
E
Z=10
E
Z=20
E
Z=40üY 
[ m
m
 ]
0
ù
250
500ý
750þ
1000
1250
1500
1750
2000ú
E
Z=60
X [ mm ]
0ù
10
20
30û
0
ù
10 20 30
û
ß
	
®
À¿f´9 %2$][0?@\[$JKBﬂ 818Kﬃ51OAﬂ 9:;

%
]ﬁ)KB9;808180$;ﬃC<+9 WﬂﬃNﬂﬁ
9;ﬂ.KB%

-/-

$@ﬃb:==%D$ 2c$
33>"
;ﬁ9#@ﬁ_(-/.;[;ﬃÅ Å!)18$ﬁ1FﬁKﬃ7$ﬁ)KB
ﬃÅ %&8%ﬀ (ﬁFﬂﬃI !?4ﬃ $A-A@
ëB
ﬀ
1ﬂ-
ﬁﬃ
ﬂCED

1ﬂ-×0$=1
*ë
ﬀ
1-
ﬁﬃ
ﬂCAD
!
$
<1-
$F&
B
ﬂ F1XKﬃÅ1`OAﬂ 9:%{%0!;-Y-S8Kﬃ51)(e%2$cKBb$ﬁ; !>*[ﬂﬃ0ﬂﬃx$KB`9;X0F180$;ﬃﬁF89;%h0$>"/%EB$3MCﬁ
$
-
 F1XKﬃÅ1SO 9c%2KﬃNﬂﬁ"KB%jG/ﬂ18FF9]ﬁH1
33ﬂ"65
1-ãﬂﬃNP; %2$L%XB$3MCﬁ'(ﬁ#; 1H
$;&
BB4ﬃ $ﬁ¨ XM
$eKBh9;80F1X0$;ﬃeMh KBCKBh%&8-Sﬂﬁ2$ﬁY\(ﬁ8%b%b]ﬁ1ﬂ][9;89ﬀ]ﬁSKBD.1XK[;ﬃ {0$`[9;JKBhX!F
$
á;¿ monSpP÷
qsrutSâfv
÷
ãxwxÈr
÷
tDÉ{øäã
m
qxyXÉ{z
¿\¿¿;í)? ﬂT¿]í"¿;í)? 3b3R&Ł N	F/}Ł;|/ﬂ/	?} "~8	F|8xh	8
	ﬀ	?

N;
	F
|&	F~X|h	`eŁ^ﬂ&JI3LKãŁ""i@Le	FhŁ""eŁ
õ
¿"¿¿¿¿+M@Ł"
|Cj	F&	Y|
	F,
©4VŁ
	FPŁ_"~8~FŁ@DŁ"G	'ﬂ"2A)Nﬀ}&4_~FŁ"~F	8@
ﬂ
NŁVŁ"ON,	8
	8@`	8	8~8
Ł
~F2f|&KﬂN|º5~FŁ"?}^ﬂ
	chR}^"	_ÀÀ»G
		8N	F~X&N~'â^	FRb"|>~F"N~8 	FVŁ/<	8	8~8
Ł
h
`N""h
/NŁ±?}
4L~FŁ~8	F;
ﬂŁi@~FŁ"

	8|
}eŁY
Ł>/|
?"Nﬂ
` "&	{|
}^ﬂ~F	G~K"
	hh
N'
	S	8	8~8
ŁF@©4ßsN&	
®
\¸`
	S	8N	8~8&N~{â^	8NﬀN|&N	{	
	X	F~XŁ{|b|&Łh<{PN	F&	F;{	8}|Qc	D	8
	F~8
ŁbŁJ>|
?"Ne~FŁ"|&";h|
}^"~8	
~K^"&	LŁ"uí
ë
À3¿
ﬀ
~F>ﬁﬃD"#~FŁ"
	>}eŁ"
	F;N"¬Ł"
®
í"¿¿°êL4f}N~F"xŁ"GŁãNﬀ}&4
~FŁ"~F	8@
ﬂ
NŁ_	X	F~XŁ8oº{	/~FŁfŁ
^ﬂ
	D|&f|&
	F |
	8+~3ﬂUe	`Ł"U_ßN
	/ÂA]Â
ŁV}^""	)À¿]»S©4#	L&Ł;`}^"&`Łﬂ
	'	X	F~XŁ?ºRQTS À¿ﬀ»C
	'|&

Ł	F|2/â	FN|
º5"UMA»b~3ﬂ)	PŁ)	3ﬂJ	D~8Ł
	P~8Ł;K"~XC"_"&	3"|bh"	F&NŁÞâ^	F)|&&	Fﬂ
º5N;K»G"}}e	3"`
	'A~F4#Łﬂj
	?~8Ł
	F
|/Ł"j	c	X	F~XŁ8¬©4R	ﬀ&	3"`}^ﬂ&/Ł"
		X	F~XŁºVQWS l¿_?»D"°ﬂNﬀŁ|&/~FŁ"|&";>â^	8N6|2&	F"
Ä"eŁ"	UÀ¿"¿¿äêDÁﬂ~F
N|D	8~FŁ";	F&	FhN~KV
|
	8|D	3"D
	'~FŁ&	'~FŁ;"~8F¬ßN
	
®
À¿|&Łh|/
	c	FN	8~8

N~
â^	8NÄN|&N	
	:	8
	F~XŁcŁc#}Łﬂ	F;
 "JŁﬂ¯á;¿"¿¿êî"Z"ÄNﬀ}
46~8Ł~8	F;
§
ŁVh6<N	F"`"N"¨
|
	c
Ł
Ì
ë
À¿
ﬀ
~F>ﬁﬃ'ﬂCXSÊ¿<~8 Ł#Âﬂ¿
ë
À3¿
ﬀ
~F>ﬁﬃL
CYS
®
]í`~8<"hN~K?"
	{4f}N~F"ﬂ"N	F|¨ŁuDN"ﬀ?}
4>	X	8~8Ł"F
æ
	8
	h	F2cN"
â^	8N²|&&	Fﬂ|?"
	:	8~FŁ@
	F&	FÜNT
	_&Ł;ﬀ}^"&cŁﬂG	<	X	8~8Ł"ﬀhÄ
eŁ")j
	G	Fj~FŁ;"~8J"
	PŁ
	Fj~FŁ;Kﬂ~8|8©4
	G&	3"j}^"2bŁ"ß
	G	8	8~8
Ł
ºVQ?S l¿c?»
	/â	FN_|&

	8"<
|
	F|h
Ł"Ýﬂ"N	8|h	8NŁ í"¿"¿êDÁﬂ~F C
	/~FŁ&	`
Ł
?ANL×ﬂ"N	F|Cﬂ{	/Ł"	8C~8Ł;K"~X|8
{	8|
	L4jŁ)|
	8
}|D&	F}&	F|
	8;D	L	Ef
	8?	8|PŁ"ŁJ§4Nﬀ}&4:ﬂVA§4?}
4
~FŁ"~F	8@
ﬂ
NŁ 	X	F~XŁ8h{	R "|"Ł"	F|:	8	F	8¶
ŁZ	8}N	X	#		8	8~8
Ł<&N|&	
h
<?}
4~8Ł~F	8;NŁ"i©aS|h	F|
|&	F;N"ßŁZM"	8	F}U<ﬀN:
^ﬂh	/"	F
?"
~F2f|&KﬂN|P	8N	F&	FU&Ł 	>"@5ﬂ~8
	FG|
Ł |
~K#ﬂ"& ﬂ
NŁ|hU	8NCNﬀ}&4
~FŁ"~F	8@
ﬂ
NŁ?"'
^ﬂ"|
L NŁ"|~F"?Ł"Y	F|&~F&Ne	C
	{}
Ł"}	8&	F|uŁ","\[
3;§
	F
"	^]S	X	8~8Ł"sﬀŁAN	ﬂ{	j?}
4P~FŁ"~F	8@
ﬂ
NŁ/N|
N	u
	~F&f|2K"@~3ﬂ>ŁDe	
ﬀ	3"|&
	8ﬀ;>	F|2
~8	{ﬀ	8
ŁA|F"|&ŁD^ﬂoŁ/	8|&	F|	XAN|2oŁ
	JŁ}e	F
ﬂŁ^"
ﬀŁAN	F|8
æ
	F~8	J|
	8	Fﬀ|ŁPe	b
N	
ŁP|
L 	u	J	8	8~8
Ło}&Ł}	8&
N	F|ﬂ¨ﬂNIA
	J"ﬂ
 NŁ"|sŁﬂe
	{	F	F~X
~bâ^	8Nc"&	JN	8|
|¨Nﬀ}eŁ&";s
^"ﬀ";~FN}ﬂ	8iﬂ{	FN¨d^A§
	F~F	`N|JﬀŁf	F
ﬂ	8)@	D|&^"}e	DŁ"¬	P"	FNŁf~F4â^	8N)~8&"	F|CŁ"xŁ"
:	FN	8~8

Ł|hﬂ
_a`'Ü0µ¶®{µ¶ÜV©{ÜÝ«{µ¶¦ﬃ¤b±"®x¸¹­?¨q¾JbxÃ b^b^c Ü0Ü%§x±"¦\¤¨¬ﬁ­?ÙX­·º-¤µ¿®t¨"³8«-­·³\¤¨0± ²"¨"µk«0®7©{Ü0­·³bµ¶¸£±qªﬁº{³b¨"¬{ª¶­·ÜH¦ad"¾à¨X³
¦Ü0±"ª¿ª¶­·³z«{µ¶¦ﬃ¤b±"®x¸¹­ﬀ¦*¨"®{­ßµ¶®{®{­·³QÙ7®{¨"¤z§x±"¦¤b¨0¬T­¨XÜµ¿¤ﬃ¤b­£«=Ã
âfvÇÆ@v<ÈAy87Yãsw
p
qxyXÉ{zÊqsr
mon
zSyXË°ãsrÈ
áÀ
Ł	F|hhN~K#	8"	FN|CŁNŁC	FN	8~8

N~`â^	8N|G"Ł"	'í"¿¿°ê`Áﬂ~8 ºÅß
	
®
á@»E{	8
	XŁ
	ﬂ
Ł>"N¨	}|
	|&NL ﬂ
NŁ|/U~8Ł|2K";'?}
4V~8Ł~8	F;
ﬂŁ°Ł"`À¿
ë
À¿
ﬀ
~F>ﬁﬃ
"?D ﬂ|oŁK"	{Łﬂá;¿"¿¿ÂêÜb	8
	C|
	8NcŁ&	Fo
ŁYŁ"K"'
	8|
|¨Łu"\[
3	8""	]
	X	F~XŁ8
KG|L
	ﬀN&
Ł/~K^"&	:"~F~8LNﬂ	8TŁÄ+~FŁ"@"~8LN|L
	8~8}
Ł}eŁ2NŁ"^"uŁ+	
j	FN"@
NY}Łﬂ	F;
 "^Ł",|j~8Ł;K"~XJﬂ	G}eŁ|
NŁ"ﬀŁﬂi	C&7j~K^"
"	";	Cb	8N;2§
N'}Ł"
	F;N"i^ﬂ|S'|2
Ł"?d^	8~F	`Ł)
	`}N|&	`|
^"}e	?º5	^efﬂŁ
®
(Âxá}^""	
®®
»X
KG|u~F"?e	{|
	8	F?Ncß
	
®
ÀÀ""	{""	F;uŁ"e	{j	F;N/}eŁ"
	F;N"Ł"	C	8
~FŁ"@"~8G^"|G?|&~8S?ANLÝN:	/A~F4:Ł"s	Y~FŁ&	>~8Ł;K"~X3fKG|S
	>
7
	8NŁf~F4'Ł"i	8N	8~8&Ł|j"ﬀŁ	F|N|u|
? "xŁu	e@^"^â^	8N|GºÅß&	
®
¿á;»uﬂ?ŁA	8|jŁﬂ
ﬂ"&;ﬀŁ
	G
^":L5"~XŁJŁﬂoÂYh	D	8
	F~8
ŁF"|{NŁ'"|J	Pâ^	F)|&&	Fﬂ
N|ﬀ"eŁ	Uí"¿¿ ê`Áﬂ~8<¨	8N	8~8&Ł|8ohN~K²3"	FhŁV	_~FŁ&	:~FŁ;Kﬂ~83¨hNJŁ"?^ﬂ	
	L|
^ﬂ}	'Ł"¨
	L~8
&	F;`}|
	LŁ"¨
	'N	FS~FŁ;Kﬂ~83ehN	>Ł"N	F|8h~K+
"	F
Ł
	Y|&	Fﬀ	F;S~FŁ;Kﬂ~8|8~8Ł;&N
	`N	F|&|F©aChNN	8
	8Ł"
	/	`}eŁ|
|&N	`
Ł?N|&
N"N|&
e	84j	F	F<	`	F	F~X
Ł"<ﬂ_
	`Ł	D~FŁ;&NANŁ"Łc	`~FŁ"
	D~F

	8;G}N|
	ﬂ
©4+~8Ł;ﬂ|&G
Ł?
	Yj	F;N}eŁ"	8@
 "ßŁﬂo	YN	FC~FŁ;Kﬂ~83h~K+N|C|
Łh#ŁU
N	3ﬂj|&~3"	"A
	P|&	Fﬀ	F;{j	FN"@
N>}Ł"
	F;N"e	F	8|{ŁLe	P|
Łh:Ł:LŁ;"&
?~
|
~F"N	6ºÅßsN&	
®
ÀÂ»X
æ
	F&	<	<}N|
	_Ł"S	<c|&	Fﬀ	F;|cŁ"PﬀNŁ"'N;	8
	F|2?Ł"
}|
	E§4|
"}	?"^ﬂf|
|F¬"|`|`}N|&	?|/_|&}	8
}eŁ|
ŁRŁﬂb	?~K^ﬂ
	?}N|&	cŁ"J	
~FŁ"
	c"#
	'?
&ŁG~K^ﬂ
	c}|
	8|DŁ"j
	'
	8ﬂN|&	Fﬀ	F;|8ß©4|&
	3"V	cŁf~F|
^"|'
Łe	:}ﬀŁT	<ﬂhg
"~F	8;|&	Fﬀ	F;|cŁ"C	_c|
	8ﬀ	F;3¨©aS	8|
	_|
	F"?	8@
|
"&	PŁ"{b
	Fﬀ|
	8"	F|F
	D~K^"&	G
	Fﬀ}Ł
"
ﬀ"~8~F> ﬂ
	F)Ł
	F ~3")	FN}
Ł
NŁf~3	P	/
7J~K^"
"	/)	`h|
	F"?	8@F
iS;
NŁ`f
	C
	F "NN4/Ł"i	S@ﬀ	F&N~3ﬂe|&NL ﬂ
NŁ|¨Łﬂ,	Sâ^	8N|j"?}Ł"
	F;N"N|
^"|/Ł"`"	8Le	F	86|
~8|
|&	FijKG|`	ﬀ~FŁ&
	8~8Y|
ŁŁ|`"&	?Łﬂ>3ﬂ" "	"ßﬂR	8

Ł"
	F|2ﬂ
Łb"|JŁce	P|
	8ikKG|CL|&Nﬀ}N	S	F
&Ł{	F|2ﬂ
NŁ?}
Łf~F	8&	`
	DON,	8
	F;
 "
	e@^NŁ"_|J|
Ł"	8<Ł"<'~8Ł;"
|&	/"_'
	8â	F_
:")	/PN	F
	8~F	DŁﬂeŁ":|&ŁNA§
Ł|P|D~3"~FNﬂ	8UŁD	X	F2WM@Ł"/Ł"u	'~FŁ;"&|
	c&NifKá
	F"|
Ł"N	'&	FNﬂ	L	8

Ł"
b"|bŁ?ŁŁﬂ
	G	8N	F~X&N~hâ^	FNﬀ	S	8
	F~XŁb"
	Sj	F;N>}eŁ"	8@
 "|F
K &	FNﬂ	/	F
&ŁGe	FŁ Â
ö
Jﬂ|D"~K	8	8#N+ﬀŁ&	/
^"#¸
Ì
ö
Ł""NFM@Łﬂ|F,"+	8

Ł"
e	FNŁ²í
ö
N/?Ł&	¨^">¸¸
ö
Łﬂ"NMfŁ"|8"ß^Ł¬eŁ"/		F	F~8

~uâ	FN>"/	ub	8N;2§
N}eŁ"	8@
 "|C
	L?ANL 
	FNﬂ	/	F&
Ł&|PŁA~8~F&
	8VﬂG
	>~8&"	F#
Ł;G}^"&GŁ"
	JN	F~8Ł;K"~X3"ß&	F
ﬀŁ&	j	b|
	8ﬀ	F;oj	FN"@
NG}Ł"
	F;N"f^"LN"
	j
	8 ﬂ
	
á@Â monSpP÷
qsrutSâfv
÷
ãxwxÈr
÷
tDÉ{øäã
m
qxyXÉ{z
0ù
10
20
30û
40
50ý
60
l
70
0ù 10 20ú 30û
Phi
X=0
Z 
[ m
m
 ]
Y [ mm ]
0
ù
0.1
ù
0.2
ù
0.3ù
0.4ù
0.5ù
0.6
ù
0.7ù
0.8ù
0.9
ù
1
Phi
Y=0
X [ mm ]
0ù
10
20
30û
40
50ý
60
l
70
0ù 10 20ú 30û
ß
	
®
ÀÀ£´)mV B(ﬁ'."$"0ﬂﬁ@$eKBh1F$;ﬃ h1F$Aﬁ21X¨KB/nD

-/- ;ﬁ9/!oD

-Y-
1ﬂﬃN$%2%¨%&818$Aﬁ%
$Lp
$;ﬃ%0!;-/-GXKﬃN!>ﬃN3%&$Aﬁ%¨$ﬁ; !C$ﬁPB; e$eKB{9;808180$;ﬃsﬁ8F9;%o0$#{%EB$3MCﬁ
$
&
BD$[0ﬂﬃ\]-/ 0%{$sKB`9;X0F180$;ﬃs1ﬂﬃ!%22;Aﬂﬃ `%EB$MCﬁ
$
âfvÇÆ@v<ÈAy87Yãsw
p
qxyXÉ{zÊqsr
mon
zSyXË°ãsrÈ
á
®
-30
-20
-10
0
10
20
30
0 10 20 30
-30
-20
-10
0
10
20
30
0 10 20 30
-30
-20
-10
0
10
20
30
0 10 20 30
-30
-20
-10
0
10
20
30
0 10 20 30
-30
-20
-10
0
10
20
30
0 10 20 30
Phi
Z=10q
Phi
Z=20q
Phi
Z=30q
Phi
Z=40q
Y 
[ m
m
 ]
Phi
Z=50q
10
-2
10
-1
1
Phi
Z=60qq
X [r  mm ]
-30
-20
-10
0
10
20
30
0 10 20 30
q
ß
	
®
ÀÂO´smVB]ﬁY."$"0ﬂﬁ@8$KBC[;.;.ﬃ%2F-Sﬂﬁ9$;ﬃutS9 WﬂﬃNﬂﬁ¬9;.KB%
V
-Y-

$
&
BDMo B(ﬁ:.$"0ﬁ=;^%{%0!;-Y-S8Kﬃ51(%2$ﬀKBJ$Aﬁ; !Y$ﬁ'B@ $xKB/9;80F1X0$;ﬃjﬁ8F9;%{0$
C%EB$MCﬁ
$'v
¨%XB$A[; 94"/ﬁ$ﬂ0F9>KBu> $";ﬂﬃÅ KB;-/ 1S%213;\]ﬁﬀ %h[%2F9
$	&
BB4ﬃN$ﬁ XM²$KB
9;808180$;ﬃ¬MC KB>KB`%2F-Sﬂﬁ2$ﬁ\(ﬁ8%G%G]ﬁ1ﬂ][9;89_]ﬁ>KB'.1XK[;ﬃ 
$
w3w monSpP÷
qsrutyxfv
÷{z
wxÈr
÷
tDÉ{ø
zbm
qxyXÉ{z
	F&
Ł&|h	3"J
	`|
	8?	8;Kﬂ
NŁ:N	"¦bŁ"
_}
Ł	F?ﬂ~G&	FŁ|h"&	DŁ"C	E}e	F~X	8i
{	:~F&ﬂﬂ
	:Ł"h	)&Ł;c}^"&cŁﬂC
	:N	FL~8Ł;K"~X?|'|
ŁV|&

ŁV
^ﬂ'
		8
M@Ł"
|YŁ"	ﬀ~8Ł;"&|
	c
"
	cŁ"`|&Ãﬀ~F	F;Y
Ł<	F|
~8
	cFßß^&
	F&?Ł"
	L	ﬀ	8
~FŁ"@"~8h~F"_	D|&	F	F<"|hL}eŁf	8
Ł":hN~K_}	8	8
ﬂ
	F|hN;ŁL
	PŁ"Nﬀ	"A©ahN|Jj	FN
M@ŁhR
^ﬂ/~FŁ&	F&|/hN~K}	8	8
ﬂ
	?@
Ł)	'Ł"Nﬀ	c"
	ﬀ:|
|&Kﬂ@
 "¨}
Ł	F
ŁS½|DµÜ|
Ł	8Fe©4#"Ł_ﬂG
	Y|&	Fﬀ	F;ﬂŁUN	`4bŁ}|PN
~KN	XhŁ"^"&N	8|
h
<PN	F
	8;G}eŁ"	8; ﬂN|JŁ"~Ki|
Łﬀ^ﬂh
	Y|&ŁNANŁ"_)	/~FŁ|
	8|&CA~F4)Łﬂ	
|
	8ﬀ	F;Kﬂ
NŁ:N	P|h"b3f|Be@	8|&
NŁ^ﬂN	ﬂ
C0h~ êT£`Ø&Úé9AÕSè`Ù6'éÊÕS¥
Ö×£`Ø&Ù¨¥2¡{DÚ
©4+Ł&	FhŁ|
Ł	Y
	/
7G	^efﬂŁ+"+~3"~FNﬂ	D
	>~K^ﬂ
	YŁ+	3ﬂ~K+~FŁ;"~8P"


^"2@§|PPN	F&	F;N"§4µe@^NŁ"L|
Ł	8PºN;	8ﬂ
ŁK»b"|b	F	F	FiA{	G|&Ł"	F^"?
Ł
e	L5"|&P
Ł:}
Łf~F	8|
|Pﬂ"|&/ﬂ?Ł@
|DŁ"	8"	F;|Y"V"~8~F
ﬂ	'
Ł)ŁKﬂN+|
"	'}N|&	F|8
¦bŁ"
ﬂNﬀ|¨~FŁ?Ł"'e	S"~KN	X	8;ﬀY|
Ł"	8¨hcﬂ"
N"	{|&	8}|
¼F	ﬂhN~K?~FŁ
e	`"hg&|2	F:Ł'N"
"	P|&
	F}|8h	F:	`}N|
	D&Ł|
	DŁ"J	FN|
ﬀŁAŁﬂA":|
Ł"&h|&
	F}|8
h	8<	/}N|&	/	FN"@{ﬂ"&N	8 e@~0M@
KÐ|&	F~FŁ"A§4Ł"
	8{N;	8ﬂ
Łjb"|{|&	F)Ł|b}&}Ł"|
	"{	P?	E§4|&
	F}|&N¼8	GJﬂ|{NN'§

	FcŁ`ﬂ"N	8|u	X4b	8	F:¿\¿;Âí`"Â`|F@{	G	8N	8~8&N~{â^	8N?"?
	{b	8N;
N/}Łﬂ	Ff§
N"N|uj	F
	DŁ"?3ﬂ"NN"N	hŁ
	D¿]íYﬀ×
ifﬂ"	F|jNA§a	X4b	8	F)j	F
	DŁ"K"	F@
N;
	F
}eŁNﬂŁi;ß^Łu	C	F	F~X
~Câ	FNYN	3ﬂ;	F&}Ł" ﬂ
NŁLb"|J|&	Fi@Łu	S}Łﬂ	Ff§
N"N|`:
Ł
	F{S	F&?	cN;
	F
}eŁNﬂŁ+Jﬂ|>"}}N	Fi¬¦bŁﬂ6;	F&}Ł" ﬂ
NŁ|Pj	F&	
|
	8N	8~8	8TŁ#"NŁ×U~8Ł;fŁ|'"|&|
ﬀ	F;LŁ"{
	â^	8NÄ"6	}Ł"
	F;N"u"ﬂN	8|

	8|
}e	F~X"	F
ß^ŁJ'|&	F~FŁ"A§4Ł"
	8{N;	8ﬂ
ŁbJ|J	F~8	F|&|"2)Ł'^3	/L~8Ł;N@Ł"|Jâ^
|2{	8
ﬂﬂ
"	
Ł"x	 [2
N"@2§4^ﬂL]'|
	NN|{~3ﬂ|
	 
)Ł0V
º

º
sŁ
º&»&»
»J"TL	8 Kº

º&»&»XhN~K
N|Y|
	8ÄN6
	~XNŁ"6Ł#~8Ł;
Ł"j	|&
	F}Ä|
¼F	"sL|2'^3	)~8Ł;N@Ł"|Lâ^
|2'	E§

ﬂﬂ	F|8¡iCŁ&
^ﬂ
	F6N|'~F&
	F
Ł°|'Ł"'â^N	FRh	FZ
	)eŁ
	8'	X4b	8	F
4jŁﬀ~8e	F|{Ł"ß
	D
N|j~F&Ł|
|&	Fi^{	D}
Ł	F×|&
	Fﬀ|J
Łá
	`½|Dµ²|&Ł"	FF"|J	
|
?}N	CßN	|PON,	8
	8~F	£¢T¤8
ŁfŁ'J¥P¤F|j}eŁ"U¤F;¦¥N"N|¨hL¥~K~3ﬂ§¤B¥N;U¤¨
}eŁNﬂ¦¤8
©
}'ŁP
L¤J|a¤F~FŁ"?Ł¨
L¤^¨ª	B¤F~^¤%¥¡¥|¡¥Nﬀ}eŁ|
|a¥NP¤
ŁD^33¤C"#¥N;U¤¨
}eŁNﬂ¦¥Ł>Ł""'Ł¨
L¤^¨
"eŁ3¤DŁL¤PŁ¨bL¤<¤8«¤8~8¦¨a¥N~GâL¤FN¬ª©4)~FŁ|U¤e
©
¤8~¤/L¤Du¨U¥7b3¤FŁA~^¥4?Ł¤F|{Ł"J^33¤/
~FŁ"@U¥N
©
Ł
©
|C|a¤F~8Ł_L¤¨a¥ﬂﬂ¦¥3¤o¤^¥
L¤¨^ª^µo3¤F_Ł
©L­
)L¤Du¥N|
~8Ł;¦¥
©
¥¦¥P¤F|J~F":~3
©
|U¤/
¨U¤8
©
~^¤F,e
©
";U¥K¦¥¤>ﬂ~F~
©
¨"~X<Łﬂu¤>|U¥
©
Nﬂ¦¥ŁiA
L¤n¨U¤F|
©

|Su¤83¤^¨&
L¤FP¤F|
|£¨U¤F?¥
xfvÇÆ@v<ÈAy87
z
w
p
qxyXÉ{zÊqsr
mon
zSyXË
z
rÈ
w í
2
5
1
4
6
3
-5000
0®
5000¯
10000
x 10
0
®
200 400
0®
5000¯
10000
x 10 2
0
®
200 400
0®
5000¯
10000
x 10 2
0
®
200 400
-5000
0®
5000¯
10000
x 10
0® 200° 400±
0®
5000¯
10000
x 10 2
0® 200° 400±
0®
5000¯
10000
x 10 2
0® 200° 400±
-5000
0®
5000¯
10000
x 10
0® 200 400
0®
5000¯
10000
x 10² 2
0® 200 400
0®
5000¯
10000
x 10² 2
0® 200 400
-5000
0®
5000¯
10000
x 10²
0® 200 400
0®
5000¯
10000
x 10² 2
0® 200 400
Centre qC³
ChargeCurrent ADC sample
Seg. 4
|q4|max´
Seg. 5 q5
Seg. 6
|q6|max´
Time [ ns ]Time [ ns ] Time [ ns ]
0®
5000¯
10000
x 10² 2
0® 200 400
ß.¥
­3©
¨U¤
®
ªÀ
®
´¶µu·;¸n¹	º »¹	¼	º ½8»½9¾L·;¿%»ÁÀ¶»)¿Â¬ÃÄ Â0ÅÂRÃ¡¾nÄÆ¿ÂÇ»)ÈÉ·¶Ê^Â¦Ä ¾u¿¶½FÃËÅ3Ä Ê)Å£Ä ½9Ê¾u¿Â8·3ÄÌ¿¶»^Í{ÄÌ¿%¾J¿¶»
½8»Îu¸Ë»)¿Â

½8»ÎJ¸£»h¿Âﬂ

$F&
Å¶»4Í	»ÁÂÇ»Ê^ÂÇ¾	Èo¹	¼	º ½a»^½

Ê)¼	ÈÈ«»)¿Â#¹	¼	º ½a»^½

(jÂ0Å¶»2¹)È«»s·	¸{¹	ºÏÄ ÐJ»)Èo¹	¼	º ½a»^½

¹hÈ»·;¸n¹	ºÑÄ Ðu»hÈÊ)Åh·)È«Î3»=¹	¼	º ½a»^½

(¡·	¿¶Í,Â0Å¶»} ÒÓÔ½a·;¸n¹	º »^½

 ÒÓÕÊhÅh·)ÈÎ3»T¹	¼	º ½8»

·)È«»}½GÅ¶¾ÃB¿
¾	È¡Â0Å¶»+Ê^¾;È«»#¾ÖÂ0Å¶»+Í	»ÁÂÇ»Ê^ÂÇ¾	È(Â0Å¶»?Å3Ä ÂB½8»Îu¸Ë»)¿ÂG(F·	¿¶Í=Ä ÂÇ½BÂRÃ¡¾W¿¶»hÄÎJÅ	3¾u¼	È«½
$f&
Å¶»

»hÈ¾WºÑÄÆ¿¶»
Ä½½ÁÅ¶¾sÃB¿+·¶½%·nÍ;·h½GÅ¶»Í2ºÑÄÆ¿¶»
$v
¿n»s·¶Ê)Å{Ê¾uºÑ¼	¸{¿ﬂÂ0Å¶»<½a·;¸Ë»<½aÊ·;ºÏÄÌ¿¶Î}Ä½½a»hº »ÊÁÂÇ»ÍZ¾;È×·	ºÆº3ÎuÈÉ·	¹	Å¶½
$
w	Ø Ù¡ÚËÛ ÷£ÜjÝÞ
xß
÷{z×à
È
ÝÜ÷Þ
É{ø
z Ù Ü×á
É%â
ã)äå
¥Pæª¡ç%èL¤ ¨U¤
äéUêë
¥
éHä ­ ä
¥
ë:ì
èL¤T¨a¤
å«ä)ì
¥
ã
¤
åOíîéaï?äåPå
¤
å
¤ð
ì
¨U¥Pð)âk¤
å
æñæL¤^ò§¤
ë
æL¤
ë
ð¤
ê)ó£ì
èu¤
æL¨a¥
óÉìoã
¤
å«ê
ð¥
ìí
ª§ç%èL¤#æL¨U¥
óÉìoã
¤
å«ê
ð¥
ìí
ð0è
ä)ë ­
¤
éﬂé
¥
­ ë
¥âkð
ä)ë;ìUåPíTê3ëLåOí=ê3ëWé
ð
äå
¤
é<å«ä
¨
­
¤^¨
ì
è
äë
ì
èu¤
ï
¤
é
è,ô¥«æ
ì
è
äë
æWð
äëöõ
¤ð
ê3ëLé
¥«æL¤^¨U¤^æ
ä)å«ïZê3éaì
ð
ê3ëLé8ì0äë	ì
ªFË¤
ë
ð¤
åä
¨
­
¤{ð0è
äë ­
¤
é<êó
¤¥
ì
èL¤^¨
ì
èL¤
ã
¤
å«ê
ð¥
ìí#ê
¨Ö¥
ìUé
âk¨
é8ì
æu¤¨U¥
ã)ä)ì
¥
ã
¤
ä
¨a¤
ëuêì
¤Á÷Jò§¤^ð
ì
¤æªø
ë
ð
ê3ë	ì
¨
äéaìù;ì
èL¤%ô¤^¥
­
è
ì8ú
¥
ë ­
ò
êì
¤
ë	ì
¥
äåù
¤
é
òf¤ð^¥
äåPåPí ì
èL¤
ê3ë
¤
ê)óûì
èL¤
é
¤
­ ï
¤
ë;ìUéù
ð
ä)ëüã)ä
¨
í
¨
ä
òu¥«æ
åOí
ô¥
ì
èL¥
ëüé
è
ê
¨
ì
æL¥
éaì0ä)ë
ð¤
é
ªà6¤
ìùJä)é6ì
èL¤Ëð
ê3ë	ì
¥
ë ©
¥
ìí#êó§ì
èL¤hâk¨
éaì
æL¤¨a¥
ã)ä)ì
¥
ã
¤
éûêóäå«å
ô¤^¥
­
è
ì
¥
ë ­
ò
êì
¤
ë	ì
¥
äå«é
¥
é
¤
ëLé ©
¨U¤æ
ù'ì
èL¤oôû¤¥
­
è
ì
¥
ë ­
ò
êì
¤
ë	ì
¥
ä)å§ó © ë
ð
ì
¥
ê3ëLéä
¨a¤nð
ê3ï
ò
ä)ì
¥
õLå
¤Bô¥
ì
è
äHé
¤ð
ê3ë
æ
ê
¨UæL¤^¨
¥
ë	ì
¤
­
¨
ä)ì¦ê
¨^ª
ø
ëüê
¨UæL¤^¨
ìUê
¨U¤æ
©
ð¤
ì
èL¤
äïZê © ë	ìnêó
æ
ä)ì0ä äë
æ
äåPå«ê
ô
ä>é
¥
ï
ò
å
¤#ò
© å«é
¤HòL¨
ê
ð^¤
éaé
¥
ë ­ ì
èu¤
ò
© åPé
¤
é
ô¤^¨U¤æu¥
é
ð^¨U¤
ì
¥N¼^¤æ
êë#ä
À
ëLé ­
¨U¥Pæª¶ç%èL¤
é
¥
ï © å«ä)ì
¤^æð0è
ä
¨
­
¤ûò
© å«é
¤
é¡ê)ó
¤
ä
ð0è#ð
ê3ë	ì0ä
ð
ì
ôû¤¨U¤
ì
¨
ä)ëLéaóê
¨
ï
¤^æ¥
ë;ìUê
ð
©
¨U¨a¤
ë	ì
ò
© å«é
¤
é.õ	íﬂì0ä
M;¥
ë ­ ì
èL¤æL¥ON¬¤^¨U¤
ë
ð¤
é.êóké ©
ðð^¤
éaé
¥
ã
¤%ð0è
ä
¨
­
¤
ò
© åPé
¤èL¤^¥
­
è
ì¦é
ºð
©
¨a¨U¤
ë	ì
ò
© åPé
¤
é
¥
ë
ß.¥
­3©
¨a¤ýuªÀsý;»Áª	|o¥
­
¥
ì¦äå
â
åPì
¤¨
é
¨a¤òL¨a¤
é
¤
ë	ì
¥
ë ­ ì
èL¤Ëò
© å«é
¤
é
è
ä
òL¥
ë
­
êó.ì
èL¤nòL¨U¤
äï
ò
å
¥âk¤¨/º¥
ë	ì
¤
­
¨
ä)ì
¥
ê3ë>ì
¥
ï
¤nþcÀ
Ø
ëLéËäë
æ=æu¤ð
äsí2ì
¥
ï
¤/íﬂ¿Zß
é
»
ä)ë
æ
ì
èu¤Z¥
ë
ò
©
ì
â
åPì
¤^¨
éaì0ä
­
¤
êóûì
èL¤ oøK
ïZê
æ
©
å
¤ÅÂ=¢T
å«ê
ô ò
äéUé
â
åOì
¤¨	Ëô¤^¨U¤
ä
òLò
å
¥«¤^æ
ì¦ê#ì
èL¤
é
¤{ò
©
å«é
¤
é%ì¦êHê3õuì¦ä
¥
ë>ì
èu¤nò
©
å«é
¤
é%ó
¤æ ¥
ë	ì¦ê#ì
èL¤
óRäéaì
K£|

é

ì
èL¤ﬂð0è
ä
¨
­
¤ﬂò
©
åPé
¤
é
¥
ë
ß.¥
­3©
¨U¤ýuªý}ð
ê
¨a¨U¤
é
ò
ê3ë
æ
ì¦ê?ì
èL¤#òL¨a¤
äï
ò
å
¥âk¤¨Bð0è
ä
¨
­
¤#ò
©
åPé
¤
é
Áªiß.¥
ëkä)å«åPí2éUäï
ò
å
¤
é
ô¥
ì
è
ä{éUäï
ò
å
¥
ë
­
ì
¥
ï
¤
êó
í
ëLé

ì
èL¤
éUäï
ò
å
¥
ë
­
¨
ä)ì
¤
ê)óì
èL¤
óRäé8ìaú
K£|

ä)ë
æ
ä
¨
äë
æ
ê3ïyì
¥
ï
¤
ê
N
é
¤
ìHõ
¤
ì
ô¤^¤
ë

ëuéHäë
æ

í
ëLé
ôû¤¨a¤ òu¨
ê
æ
©
ð¤^æ
äë
æ
é¦äsã
¤^æ
óê
¨
ó
©
¨
ì
èL¤¨#òu¨
ê
ð¤
éaé
¥
ë
­
RK£|
 ð0è
ä
¨
­
¤+ò
©
åPé
¤
é
Áª¬i
ëLå
¤
éaéoêì
èu¤¨aô¥
é
¤
é8ì0ä)ì
¤æ
ùfì
èL¤{ò
©
åPé
¤
é
¥
ï
©
å«ä)ì
¥
ê3ëLé
ôû¤¨U¤
ï?ä
æu¤
óê
¨
ì
èu¤,[
äsã
¤¨
ä
­
¤]4æL¤
ì
¤ð
ìUê
¨
ï4ê
æ
©
å
¤
ùLì
èu¤
äë
¥
éUê)ì
¨
ê
òL¥«ðPâ
ì
ô
äé
©
é
¤æ
óê
¨
ì
èL¤n¤
å
¤ð
ì
¨
ê3ëué
äë
æ
ì
èL¤Z¥
éaêì
¨
ê
òL¥PðLâ
ì{óê
¨
ì
èL¤Zè
ê3å
¤
é
ª9ç%èL¤Z¤
å
¤ð
ì
¨
ê3ë
¥«ð
ëLê
¥
é
¤
êóì
èL¤4æu¤
ì
¤^ð
ìUê
¨
äë
æ
ì
èu¤
æL¥ON¬¤^¨U¤
ë	ìäï
ò
å
¥âk¤¨
é8ì0ä
­
¤
é
ô
äé{ëLêì
¥
ë
ð
å
©
æu¤æ ¥
ëWì
èL¤
é
¥
ï
©
åä)ì
¥
ê3ëué

ì
èL¤ZæL¨U¥
óÉì
ð0è
ä
¨
­
¤
é
ôû¤¨U¤
é
¥
ï
©
å«ä)ì
¤^æ
äé
ò
ê
¥
ë	ì
ð0è
ä
¨
­
¤
éùLì
èL¤¥P¨
éUï4äå«å
â
ë
¥
ì
¤<¨
ä
æu¥
©
é
ô
äéBë
¤
­
å
¤ð
ì
¤æ¬ª
    ﬀ
ﬁ
ﬂﬃ "!# $ %'& ( )*+,%*!.- /
02143 57698':<;>=@?BAC8EDF;G6
H
éäå
¨a¤
ä
æ
í
¤Á÷Jò
åä
¥
ë
¤^æ\¥
ë\ì
èu¤JIk¨
éaì
ð0è
ä
ò
ì
¤¨
ù9ì
ô
êLK
¤
í
òL¨
ê
òf¤¨
ì
¥«¤
éä
¨a¤
ïZê3é8ì
¨a¤
å
¤
ã)äë	ì
óê
¨GM
ú
¨
äsí
æL¤
ì
¤ð
ì¦ê
¨
ä
¨a¨
äsíé}óê
¨>¨
ä
æL¥
ê	ä
ð
ì
¥
ã
¤
õ
¤
ä)ï
¤Á÷Jòf¤¨a¥
ï
¤
ë	ì¦é9Nñì
èL¤ö¨a¤
åähì
¥
ã
¤,¤
ëú
¤¨
­
í
¨U¤
éUê3å
©
ì
¥
ê3ë?ähóÉì
¤¨û|
ê
òLò
å
¤¨ð
ê
¨U¨a¤ð
ì
¥
ê3ë?äë
æ
ì
èL¤
ó
©
å«åú
¤
ë
¤¨
­
í;ú
ò§¤
äK
¤PO4ð^¥«¤
ë
ð
í
RQ*S'T
¤UOZð^¥«¤
ë
ð
í

ù
ôèL¥«ð0èî¥
é
æu¤UI
ë
¤^æ
äénì
èL¤4òL¨
ê3õLäõ
¥
å
¥
ìíTì¦ê
¨a¤
­
¥
éaì
¤¨
ä
M
ú
¨
äíù
ôèL¥«ð0èî¥
é
¥
éUê)ú
ì
¨
ê
òL¥Pð
äåPåPí
¤
ï
¥
ìUì
¤æü¥
ë	ì¦êTäTéaê3å
¥Pæ
ä)ë
­
å
¤
êó
wV
ù
ô¥
ì
è ¥
ì¦é<ó
©
å«å
¤
ë
¤¨
­
í
¥
ëüì
èL¤ZæL¤
ì
¤ð
ì¦ê
¨^ª
ç%èL¤
é
¥
ï
©
åähì
¥
êëLé.êó§ì
èL¤Ë¢TøXWBøXY
H[Z\Z
æL¤
ì
¤^ð
ì¦ê
¨
ä
¨a¨
äsí
è
äsã
¤
ì
èL¤¨a¤
óê
¨a¤
õ
¤¤
ëZóê
ð
©
é
¤æ
ê3ë
ì
èu¤
é
¤nòL¨
ê
ò§¤^¨
ì
¥«¤
é
ª
ç%èL¤
é
¥
ï
©
å«ä)ì
¥
ê3ë:ì
¤^ð0è
ë
¥^]
©
¤
é
æL¤
é
ð¨U¥
õ
¤^æÕ¥
ë é
¤ð
ì
¥
êë
ýuª`_öô¤^¨U¤
ä
òLò
å
¥«¤^æ
ì¦ê
æL¤
ì
¤¨
ï
¥
ë
¤
õkäé
¥«ð4òL¨
ê
òf¤¨
ì
¥P¤
énêóì
èu¤}æL¤
ì
¤ð
ì¦ê
¨
é+å
¥
K
¤
ì
èL¤^¥«¨n¤UOZð¥P¤
ë
ð
í
ª*Q
©
¨
ì
èL¤^¨
ïZê
¨U¤
ì
èu¤
ï4ä
¥
ë
¥
ëJú
ì
¤^¨
ä
ð
ì
¥
ê3ë
ð
ê3ë
ð^¤ò
ì
ô
äé#ì
¤
é8ì
¤^æ
õ	í
¥
ë	ã
¤
éaì
¥
­
ähì
¥
ë
­
ì
èL¤2æL¤
ã
¥
ä)ì
¥
ê3ë:êóBì
èL¤2æL¥P¨U¤ð
ì
¥
ê3ë:êó
M
ú
¤
ï
¥
éUé
¥
ê3ëTó
¨
ê3ï ì
èL¤+æu¥«¨U¤^ð
ì
¥
ê3ë=ó
¨
ê3ïXì
èL¤
ì¦ä
¨
­
¤
ì£ìUê}ì
èL¤¤Á÷
ä
ð
ì
ò
ê3é
¥
ì
¥
ê3ë=ê)óÖì
èL¤
ï4ä
¥
ë
¥
ë	ì
¤¨
ä
ð
ì
¥
ê3ë
ªaQ.¥
ëkä)å«åPíùkóRäéaìnäå
­
ê
¨a¥
ì
è
ï4éì¦ê2ä
ð0èu¥«¤
ã
¤
ä2é
©
¥
ì¦äõLå
¤+ò
êé
¥
ì
¥
ê3ë
¨U¤
éaê3å
©
ì
¥
êë
¥
ëJú
é
¥PæL¤
ì
èL¤næL¤
ì
¤ð
ì¦ê
¨
ï4ê
æ
©
å
¤oô¤^¨U¤æu¤
ã
¤
å«ê
òf¤æ
äë
æ=¤
ë
¤¨
­
í
¨U¤
éUê3å
©
ì
¥
ê3ë
òL¨U¤^æL¥«ð
ì
¥
êëLé
ôû¤¨a¤
ï4ä
æL¤
óê
¨
ìí
òL¥«ð
äå
¤G÷Jò§¤^¨U¥
ï
¤
ë	ìUé#å
¤
ä
æL¥
ë
­
ì¦ê
M
ú
¤
ï
¥
ìUì
¥
ë
­
ë
©
ð
å
¤¥
ï4êã
¥
ë
­
ô¥
ì
è
é
¤
ã
¤¨
äå
òf¤¨Uð^¤
ë	ìZêóì
èL¤
ã
¤
åPê
ð^¥
ìíîê)óËå
¥
­
è
ì
ªjø
ó
ò
êéUé
¥
õLå
¤
ùjì
èL¤
é
¥
ï
©
åähì
¤æ:æ
ä)ì0ä
ôû¤¨a¤ ð
ê3ï
ò
ä
¨U¤^æ
ô¥
ì
è
ì
èL¤^¥«¨%¤Á÷Jòf¤¨a¥
ï
¤
ë	ì0äå
¤U]
©
¥
ã)äå
¤
ë	ì%ì¦ê
ð0èL¤^ð
K2ì
èL¤ﬂ¨U¤
å
¥
ä)õ
¥
å
¥
ìíHêó×ì
èL¤
é
¥
ï
©
å«ä)ì
¥
ê3ëLé
ª
~[bdc<b	c egfhdhiBjlknmpo<qsrtkvuEwxiLy{z\|}k*jz~q
ç%èL¤Q*S'Tî¤UOZð¥P¤
ë
ð
í?êóFäné
¥
ë
­
å
¤Ë¢TøXWËøXY
HZ\Z
ïZê
æ
©
å
¤è
ä
æ
äå
¨U¤
ä
æ
íHõ
¤^¤
ë
¥
ë	ã
¤
é8ì
¥
­
ä)ì
¤^æ

©
ëJù
Q.¥
é	
ª
H
¨U¤¤G÷
äï
¥
ëkä)ì
¥
ê3ë2õ
¤ð
ä)ï
¤
ë
¤ð^¤
éaé¦ä
¨
í
¥
ëTê
¨aæL¤¨
ì¦ê
æL¤^ð¥«æu¤
äõfê
©
ìBì
èu¤
I
ëkä)å×é
è
ä
òf¤
ê)ó.ì
èu¤+¢TøXWBøXY
H[Z\Z
ý
ú


å
©
é8ì
¤¨ð^¨
í3êéaì0ähì
ª'çô
ê
æL¥Ł§¤¨a¤
ë	ì£éaê3å
©
ì
¥
êëLéù
ôèu¥«ð0è
w

w Ù¡ÚBÛ[ ÜjÝÞ
ß>
Ý£ÜjÝ Ù Ü<Þﬂá zjà Û Ü×áP
â

III II
1
4
3
26
5
I
Q.¥
­3©
¨U¤ w ªŁ´µuÊ)Å¶»h¸o·Â¦ÄÊ ¹3ÄÊÁÂ0¼	È»ö¾·;¿ ·;ºÏÄÎu¿¶»^ÍaÓ.ºÑ¼¶½8ÂÇ»hÈJaº »PÉÂ}>·;¿¶Íñ·;¿\¾u¿Â8·)ÈÎ3»ÁÂ
ÓjºÆ¼¶½ÇÂÇ»)È78ÈVÄÎJÅÂ}U
v
¿ËÂ0Å¶»o·	ºÑÄ Îu¿¶»ÍUÓjºÆ¼¶½ÇÂÇ»)È¬Â0Å¶»B½8»Îu¸Ë»)¿Â8·Â¦Ä¾u¿ﬂ¾4F¾u¿¶»BÊ)È^¶½ÇÂ8·	ºJÄ½½GÅ¶¾sÃË¿n·	¿¶Í
Â0Å¶»#¿	¼	¸¡ »)ÈRÄÌ¿¶ÎZ¾jÂ0Å¶»ﬂ½8»Îu¸Ë»)¿ÂÇ½%Â0Åh·ÂûÃÖ·h½o¼¶½8»Í9¾	ÈFÂ0Å¶»ﬂ½0ÄÌ¸n¼	º·Â¦Ä¾u¿¶½£Ä ½£ÄÌ¿¶ÍuÄÊ·¶ÂÇ»^Í¢
1
10
0 1000 2000 1
1.1
1.2
1.3
0 1000 2000
Effizienz
G
er
m
an
iu
m
 E
ffi
ci
en
cy
 [ o
/ oo
 
] 1)
aligned£
on target¤
measured
single¥
3-Cluster¦
Addback
A
dd
ba
ck
 F
ac
to
r
Energy [ keV ]Energy [ keV ] Energy [ keV ]
2)
aligned£
on target¤
Faktor
R
el
at
iv
e 
Ef
fic
ie
nc
y
3)§
1
1.05
1.1
1.15
1.2
0 1000 2000
Q.¥
­3©
¨U¤
w
ª
©¨
Ó¬¾u¸n¹h·)ÈVÄ ½a¾u¿T¾Â0Å¶»G¼	ºÆº »h¿¶»)ÈÎ4¦¹3»·«ª4»U¬+ÊhÄ»h¿¶ÊhÄ »½H¾B·	¿=·	ºÑÄ Îu¿¶»Í­aÓ.ºÑ¼¶½8ÂÇ»hÈ
·	¿¶Í#·;¿£¾u¿ŁÂ8·hÈÎ3»ÁÂ'UÓjºÆ¼¶½ÇÂÇ»)È®°¯Å¶»<¸nÄÆ¿3ÄÌ¸n¼	¸±
v³²v´~µ¶©¶
Â8·)ÈÎ3»ÁÂÍuÄ½ÇÂ8·;¿¶Ê^»Ë¾47·¸ÏtnÊh¸ÕÃ·¶½
¼¶½8»Í¹¾	ÈfÂ0Å¶»Ë½0ÄÌ¸n¼	º·Â¦Ä¾u¿¶½6·	¿¶ÍÂ0Å¶»ﬂ¸£»·h½G¼	È»h¸£»h¿ÂP
µ
½GÄÆ¿¶Îuº »B¾u¿ŁÂ8·hÈÎ3»ÁÂC±
v²vŁ´~µº¶»¶
¸Ë¾JÍL¼	º »
Ã·¶½o¼¶½8»Í9¾	ÈFÂ0Å¶»#¸£»·h½G¼	È»h¸£»h¿ÂÇ½F
v
¿{¹h·	¿¶»)º°·<Ä½Ö½GÅ¶¾ÃB¿ËÂ0Åh·¶ÂjÂ0Å¶»B½0ÄÌ¿¶ÎJº »BÊ)È^¶½ÇÂ8·	º)»P¬#ÊhÄ »)¿¶Ê¶Ä»½6¾fÂ0Å¶»B·;ºÏÄÎu¿¶»^ÍÎ3»^¾u¸£»ÁÂ0È^o·;¿¶ÍﬂÂ0Å¶»
¾u¿Â8·)ÈÎ3»ÁÂÎ3»¾J¸£»ÁÂ0È^}Åh·)È«ÍLº HÍuÄ ¼¬»hÈ®½¢»ÁÂ%Â0Å¶»ZÄÌ¸n¹hÈ¾À¶»^Í>·hÍ	Í h·¶Ê4ª{¾¡Â0Å¶»·;ºÏÄÎu¿¶»^Í>Î3»¾J¸£»ÁÂ0È^
È»^½Á¼	º ÂÇ½+ÄÌ¿>· Å3ÄÎuÅ¶»hÈ<UÓjºÆ¼¶½ÇÂÇ»)Èû»U¬#Ê¶Ä»)¿¶ÊP¯Å¶»H·hÍ	Í h·¶Ê4ªR·¶Ê^ÂÇ¾	È«½n¾4 ¾Â0Å?Î»¾u¸Ë»^Â0ÈRÄ»½n·)È«»
½GÅ¶¾ÃB¿:ÄÌ¿:¹h·	¿¶»)º*¾'¯BÅ¶»üÈÉ·Â¦Ä¾î¾n·	ºÑÄ Îu¿¶»ÍUÓjºÆ¼¶½ÇÂÇ»)È<»P¬#ÊhÄ »)¿¶ÊUöÂÇ¾î¾J¿ŁÂ8·)È«Î3»^ÂJaÓ.ºÑ¼¶½8ÂÇ»hÈ
»U¬+ÊhÄ»h¿¶ÊU#Ê·;¿J 3»ﬂ½8»»h¿?ÄÌ¿Z¹h·;¿¶»hº©
ß¿3ß
á
â
ÜjÞl

z Ù Ü×áP
â
w

ä
¨a¤
é
è
ê
ô
ë
¥
ë
Qj¥
­3©
¨a¤ w ªŁ
ù
ôû¤¨a¤
é ©L­­
¤
é8ì
¤æ¬ªuç%èL¤
ä
æ
ê
ò
ì
¤æ
éaê3å © ì
¥
êë
ô
äéì
èL¤À
ä)å
¥
­ ë
¤æÁ
¢TøXWBøXY
H[Z\Z
ý
ú


å © éaì
¤^¨ªJË¤^¨U¤
ì
èu¤oð¨
í3ê3é8ì0ä)ìUé
ô¤^¨U¤
õ ©
¥
åPì6óê
¨
ä)ë
¥«æL¤
äåfì¦ä
¨
­
¤
ì
æu¥
éaì¦äë
ð^¤Â
êó
w

ð
ï äë
æ
ì
èu¤
é ©
¨
óRä
ð¤
é^ù
ôèL¤¨a¤
ì
ô
ê
ð¨
íJé8ì0äåPé
ô¤^¨U¤
óRä
ð¥
ë ­
¤
ä
ð0è
ê)ì
èL¤^¨
ù
ôû¤¨a¤T¥
ë
ò
ä
¨
äå«å
¤
å
ª¬ç%èL¤4¥«æL¤
ä2ìUêTõ ©
¥
å
æ
äë
À
ê3ëJúì0ä
¨
­
¤
ì
ÁTý
ú


å © éaì
¤^¨
óê
¨
ì
èL¤Zð
å«êé
¤
é8ì
¢ øXWËøXY
HZÃZ
­
¤
ê3ï
¤
ì
¨
í
ô¥
ì
è>þsËð
ïyì0ä
¨
­
¤
ì
æL¥
éaì¦äë
ð¤
ù
ôèL¤¨a¤
ì
èu¤Ëð^¤
ë	ì
¨a¤
å
¥
ë
¤
êó
¤
ä
ð0è
ïZê
æ
© å
¤
ä
¥
ï4é
ä)ìËì
èL¤
ì¦ä
¨
­
¤
ìsù
ô
äéﬂäõkäë
æ
ê3ë
¤^æ
ù¬õ
¤ð
ä © é
¤
é ©
ð0è
ä
æL¤
ì
¤ð
ì¦ê
¨
­
¤
ê3ï
¤
ì
¨
í
ô
ä)éoëLêì © é
¤
ó © å
óê
¨
å«ä
¨
­
¤^¨
ì0ä
¨
­
¤
ì
æu¥
éaì¦äë
ð^¤
éBäë
æ
ì
èL¤^¨U¤
óê
¨U¤
© ë»Ä
¤Á÷J¥
õLå
¤ª
H
é
ð
äëñõ
¤
é
¤^¤
ë
¥
ë:ì
èL¤Ik¨
éaì
ò
äë
¤
å%êó
Q.¥
­©
¨U¤ w ª
Jùjì
èL¤>Q*S'T ¤PO4ð^¥«¤
ë
ð
í êó£äWé
¥
ë ­ å
¤
æL¤
ì
¤ð
ì¦ê
¨
ïZê
æ
© å
¤Tè
ä
¨aæ
åPí
æL¥Ł§¤¨
é}óê
¨
ì
èL¤
ì
ô
ê
ð^¨
í3êéaì0ähì¦éù%õ © ì>ì
èL¤
ä
æLæ
õkä
ð
K óRä
ð
ìUê
¨
ù
ôèL¥Pð0è}¥
éì
èL¤B¨
ähì
¥
ênêóì
èL¤£¤
ã
¤
ë;ìUé
ôèL¥Pð0è}æL¤ò
ê3é
¥
ì6ì
èL¤^¥«¨
ó © å«å
¤
ë
¤¨
­ í
¥
ëZì
èL¤<¢ øXWËøXY
HZÃZ
ý
ú


å © é8ì
¤¨¥
ë
ð
å ©
æL¥
ë ­
¥
ë	ì
¤¨
úïZê
æ
© å
¤
é
ð
ä)ìUì
¤¨U¥
ë ­ äë
æ
ì
èL¤>¤
ã
¤
ë	ì¦é
ôèL¥Pð0è æL¤ò
ê3é
¥
ìì
èL¤¥P¨
ó © åPå
¤
ë
¤^¨
­ í
¥
ë
¤Á÷
ä
ð
ì¦åOíñêë
¤
ê)ó£ì
èu¤
ì
èu¨U¤¤
ïZê
æ
© å
¤
é^ù
¥
éZé
¥
­ ë
¥ŁILð
äë	ì¦åOí
èL¥
­
èL¤¨
óê
¨
ì
èu¤
äå
¥
­
ë
¤^æ>ý
ú


å
©
é8ì
¤¨^ªLø
ë>ì
èL¤
ä)å
¥
­
ë
¤æ>ý
ú


å
©
éaì
¤^¨
©
ò
ì¦êÅ
Æ
êójäåPå
Q*S'S
éBä
¨U¤<¤
ã
¤
ë	ì
ô¥
ì
è
ä\ïZê
æ
©
å
¤
ï
©
åPì
¥Pò
å
¥Pð¥
ìí©ÇHä)õ§êã
¤
ê3ë
¤
ù
¥
ëñì
èu¤
ê3ëJúì0ä
¨
­
¤
ì
ý
ú


å
©
é8ì
¤^¨
ê3ëuåPí
©
ò
ìUê
sÆ>ª
|o¤òf¤
ë
æL¥
ë
­
ê3ë>ì
èL¤lM
ú
¨
äsí
¤
ë
¤¨
­
í>ì
èu¤¡QnSÈT ¤UOZð¥P¤
ë
ð
í2êó×ì
èL¤
äå
¥
­
ë
¤^æ2ý
ú


å
©
éaì
¤¨%¥
é
©
ò
ì¦ê
ýÆ èu¥
­
èL¤^¨
ì
è
äë ì
èL¤¡Q*S'TÕ¤UOZð¥P¤
ë
ð
íTê)ó¡ì
èL¤
ê3ëJúì0ä
¨
­
¤
ì
ý
ú


å
©
é8ì
¤^¨ªf
ê
ôû¤
ã
¤^¨
ùfì
èL¥
é
æL¥¬¤^¨U¤
ë
ð¤%è
äé.ëLêìÖõ
¤¤
ë
¥
ï
ò
ê
¨
ì0äë	ì×óê
¨
ì
èL¤<I
ëkä)å
æL¤^ð¥
é
¥
ê3ë¬ù3äé.ì
èL¤òL¨a¥«ð^¤
óê
¨
ì
èL¤èL¥
­
èL¤^¨
¤UOZð^¥«¤
ë
ð
í2ä
¨a¤<ð
ê3ï
ò
å
¥«ð
ähì
¥
êëLé
¥
ë}ì
èL¤ﬂ|
ê
òLò
å
¤^¨
úŁé
èL¥
óÉì
ð
ê
¨U¨U¤^ð
ì
¥
ê3ë2äå
­
ê
¨a¥
ì
è
ïTù
ôèL¥Pð0è2ô¥
å«å
õ
¤
é8ì
©
æu¥«¤æ ¥
ë>ì
èL¤
óê3å«åPê
ô¥
ë
­
é
¤ð
ì
¥
êëLé
ª
~[bdc<bÉ ÊÌËﬂgh}kvmÍ"ËºmpmÎknzaÏ¢|}Ëºj
ø
ë
¨
ä
æu¥
ê	ä
ð
ì
¥
ã
¤
õ
¤
äï
¤Á÷Jò§¤^¨U¥
ï
¤
ë;ìUé
¤Á÷Jð¥
ì
¤^æ
é8ì0ä)ì
¤
éHêóËë
©
ð
å
¤^¥
ä)ì
èL¥
­
è
ã
¤
å«ê
ð¥
ì
¥«¤
é#ä
¨a¤
éaì
©
æL¥P¤æª¡ø
ë:ê
¨UæL¤^¨
ì¦ê
ð
ä)å
ð
©
åä)ì
¤
ì
èu¤>¥
ë
¥
ì
¥
ä)å
¤
ë
¤^¨
­
í êóì
èL¤>¤
ï
¥
ìUì
¤^æ@M
ú
¨
äíé
ºÐÑ°Ò
äë
¤Á÷Jð^¤
å«å
¤
ë	ì
|
ê
òLò
å
¤¨
úé
èu¥
óÉì
ð
ê
¨U¨a¤ð
ì
¥
ê3ë
¥
é%ë
¤¤^æL¤æªpQ
ê
¨
ì
èL¤n|
ê
òLò
å
¤¨
úŁé
èL¥
óÉì
ð
ê
¨U¨U¤^ð
ì
¥
ê3ëù
ºÐÑ°ÒºÓÔM§ºÐÑ«Õ×Ö®Ø°CÙÛÚnð
êé
RÜUÐ} ô¥
ì
è MÓ

Ý
CÙÛÚ
ÇÞ
àßLªŁ
ì
èu¤
ï
¤
äé
©
¨U¤æ"M
ú
¤
ë
¤¨
­
í@á
ÐÑ«Õ×Ö®Ø
ù×ì
èL¤
ã
¤
åPê
ð^¥
ìí
Ú
êóì
èL¤}¨a¤
ä
ð
ì
¥
ê3ë
òL¨
ê
æ
©
ð
ìsù¡äë
æ
ì
èu¤
ï
¤
äé
©
¨U¤^æ
äë
­
å
¤¥
ë#ì
èu¤
åäõfê
¨
ähì¦ê
¨
íé8íJé8ì
¤
ï
7ÜUÐ
õ
¤
ì
ô¤^¤
ë4ì
èL¤æL¥«¨a¤ð
ì
¥
êë#êó
M
ú
¤
ï
¥
éUé
¥
ê3ë
äë
æ
ì
èu¤
Ä
¥
­
è
ì
æL¥P¨U¤ð
ì
¥
ê3ëﬂï
©
éaì×õ
¤ÖæL¤
ì
¤¨
ï
¥
ë
¤æª
H
éUé
©
ï
¥
ë
­
ì
è
ähì×ì
èL¤7M
ú
¨
äsí
¥
é
¤
ï
¥
ìaì
¤æﬂ¥
ë
ð
åPê3é
¤BòL¨
ê
÷J¥
ï
¥
ìí#êóì
èL¤
ì¦ä
¨
­
¤
ì7N#ì
èu¤Ë¤G÷uð^¥
ì
¤æ
é8ì0ä)ì
¤
ï
©
é8ì
è
äã
¤
äﬂé
è
ê
¨
ìå
¥
ó
¤
ì
¥
ï
¤
êóFå
¤
éaé
âXã~äå~æèçPéRêUåXæ¢ëì`íàæ®çïîðå~ìñí¢ëåXòîådëºçPí»æRäå\ëìñíóæèçPîðXå~ôåXæàõaåå}îEæèäå\ðXå}îFæRéèåaöP÷4æèäå\ëåæRå}ðXæRöUé÷³éRöUîUæùøú`çïîå
ûýü4þnß þnß 	þnß
çPîë æRäåºì`ëëúñå7öï÷»æRäå*æ®çïéèêPåXæ
	
}ã~äåºöëúñåú æRìñøúñìñðìæ

ìñí\ëåXòîådë[çPíÎæRäå7îEô4å}é\öï÷ºöëú ådí
 
õäìñð®ä[äçUåÃò4éRådë	
_ Ù¡ÚBÛ[ ÜjÝÞ
ß>
Ý£ÜjÝ Ù Ü<Þﬂájà Û Ü×áP
â

ì
è
äë}äëLäëLê3é
ð
êë
æ
N4äë
æ
ì
è
ä)ì
ÚWð
äë}õ
ð
äå
ð
åä)ì

æ
óﬁﬀUê3ïKﬃﬂPëï4ä)ìﬂ
ðð
ê3ëLéﬂ
æ
ﬀ¦ä)ì
ﬂ«ê3ëué
äéﬂéUêê3ë äé<ì
è
 Ä ﬂ"!
è
ì
æ
ﬂ#ﬀ

ð
ìﬂPê3ëöêóì
è

M
ú$ï%ﬂPìaìﬂPë!>ë
Lð
å#

é&ﬂ«éK;ëLê
ô
ëù9ì
è
'ﬀ

]ﬃ
ﬂ"ﬀ
æ
ã)äå

é
ð
äëWõ
æ
ﬀﬂPã(
æ
óﬁﬀUêï ì
è
ì¦ä(ﬀ
!)Áì
ò
ê3é
ﬂOìﬂPê3ëùkì
è
å«ê
ð
ä)ì
ﬂ«ê3ëù
ôè
ﬀ
+ì
è
*ﬀsä
ð
ìﬂ«êë
ò
ﬀaê
æuð
ì¦é
è
ﬂOì%ì
è

ò
ä+ﬀaìﬂ
ð
å#
æ
^ì

ð
ìUê)ﬀUéËäë
æ
ì
è

I
ﬀUéaì,ﬂPë;ì
ﬀUä
ð
ì
ﬂ«ê3ë
ò
ê3é
ﬂOìﬂ«êë>êójì
è

M
ú$ﬀ¦äsí
ﬂ«ëöì
è

æ
Áì
ð
ì¦ê(ﬀä(ﬀﬀ¦äsí)-
ø
ì&ﬂ«é.ﬂPï
ò
ê3éUéﬂ«õLå#ì
è
ê

!
è
ùFìUê/
÷
ä
ð
ì¦åOí
æ
^ì
ﬀaï0ﬂPë#ì
è
^é
4ì
è
ﬀ

å«ê
ð
ähìﬂ«êëLéùéUê#ì
è
ä)ì%ì
è
.1oê
òLò
å"ﬀ
ð
ê(ﬀ
ﬀ

ð
ì
ﬂ«ê3ë2êójä
M
úå"ﬂPë£õ
ð
ê3ï%é
æ
ﬂ«é8ìﬀﬂ«õ

ì

æ
êã)ﬀBäë
ëﬀ
!)í2ﬂ«ë	ìﬀaã)äå3-
ç%è

ô
ﬂ
æ
ì
è
êó×ì
è
ﬂPé4ëﬀ
!í
æ
ﬂ«é8ìﬀ
ﬂPõ

ì
ﬂ«ê3ë
æ

I
ë^é%ì
è
.ﬀ
^åä)ì
ﬂPã(5ëﬀ
!í
ﬀ
^éUê3å

ìﬂPê3ë ä)óÉìﬀ%1oê
òLò
å#ﬀ
ð
ê(ﬀ
ﬀ

ð
ì
ﬂ«ê3ë6-
ø
ë ê)ﬀ
æ
ﬀ#ì¦êüê3õuì¦ä(ﬂ«ë:ì
è

ð
ê3ë	ìﬀﬂ«õ

ìﬂ«êë ê)ó£ì
è

!)ﬀUï4äëﬂ

ï
æ
Áì
ð
ì¦ê)ﬀËä(ﬀﬀ¦äsí}ì¦êHì
è
7^ëﬀ!í8ﬀ
^éUê3å

ìﬂPê3ë ä)óÉìﬀ91oê
òLò
å"ﬀ
ð
ê)ﬀﬀ

ð
ìﬂPê3ëùLì
è

ﬂ«ë	ì
ﬀ
ﬂ«ëué
ﬂ
ð
ﬀéUêå

ì
ﬂ«ê3ëﬂêóLì
è
!)ﬀaï?äëﬂ

ï ä+ﬀ
ﬀ¦äsí.ﬂPé×ë!3å#
ð
ì

æ
ä)ë
æ
ì
è
ûã(åPê
ð
ﬂPìínäë
æ
Ä ﬂ"!
è
ì
æ
ﬂ#ﬀ

ð
ìﬂPê3ë#êó'ì
è

M
ú:ï%ﬂPìUì
ﬂ«ë!Ëë
Lð
å#

éäë
æ
ì
è
ì0ä+ﬀ
!)Áì
ò
ê3éﬂPì
ﬂ«ê3ëä(ﬀ
äéaé

ï%
æ
ì¦ê<õ
ô
å«å
K;ëLê
ô
ë6-
ç%è
%êõuì0ä(ﬂPëkäõLå#;ﬀåähìﬂPã(;^ëﬀ!í*ﬀéUêå

ì
ﬂ«ê3ë*ﬂPé.ì
è
ë#éUêå"åOí
æ
^ìﬀUï%ﬂ«ë
æ
õ	íì
è

ò
ê3é
ﬂOìﬂ«êë&ﬀéaê3å

ì
ﬂ«ê3ë{êóuì
è

I
ﬀUéaì<ﬂ«ë	ìﬀ¦ä
ð
ìﬂPê3ë{ê(ﬀùì¦êËõ=
ò
ﬀ

ð
ﬂ«éùhõ	ínì
è
ä)ë!3å"
ÜUÐ
ä)ë
æ
ì
è

æ
Áã>ﬂ«ä)ìﬂPê3ë0?
ÜUÐ
óﬁﬀaê3ï@ﬂPìUé
ð
ê)ﬀ
ﬀ
ð
ìã)äå

(-
H
óê)ﬀaï

å«äﬂóê)ﬀì
è
Aﬀ
^åä)ì
ﬂPã(9^ëﬀ!í%ﬀ
éaê3å

ìﬂ«êë
óê)ﬀäéUï4äå«å
æ
Áã>ﬂ«ä)ìﬂPê3ëB?
ÜUÐ{ð
ä)ë}õ=
æ
ﬀﬂPã)
æ
óﬁﬀUê3ï ì
è

I
ﬀUé8ì
æ
ﬀ
ﬂPã)ä)ì
ﬂPã(£êóC
]D
ä)ìﬂPê3ë
ß
-

? á
ÐÑ°Ò
á
ÐÑ°Ò
Ó
Ú
é
ﬂPë
RÜUÐ
CÙ"Únð
ê3é
RÜUÐ
?
ÜUÐ>E àß
-`

ø
ë?ì
è
£ï4ä(ﬂ«ë%ﬂ«ë	ì
ﬀ¦ä
ð
ìﬂPê3ë
ð
ê3ë
ð

ò
ìùJì
è
oä
òLò
ﬀUê
÷
ﬂ«ï4ä)ì
ò
êé
ﬂPì
ﬂ«ê3ëZêóFì
è

I
ﬀaéaì;ﬂ«ë	ìﬀ¦ä
ð
ìﬂ«êë
ﬂ«éê3õJì0ä(ﬂPë
æ
õ	íHå«ê
ð
ä)ì
ﬂ«ë!oì
è
Ëï4ä(ﬂPë%ﬂPë	ìﬀUä
ð
ì
ﬂ«ê3ëF-
ç%è
ﬂ«é
ð
êë
ð

ò
ì
è
ä)éûõ^ë4ì^éaì

æ
õ	í
æ
Gú
ﬀ
ﬂOãDﬂ«ë!%?
ÜUÐ
ùfäéUé

ï0ﬂPë!Hì
è
ä)ì9ﬂPì
ô
äé
ò
ê3éaé
ﬂPõLå"<ì¦ê%
÷
ä
ð
ì¦åOí2å«ê
ð
ä)ì
ﬂì
è
nï?ä(ﬂPë8ﬂ«ë	ìﬀ¦ä
ð
ìﬂ«êë
ﬂ«ëWì
è
0!(ﬀUï4äëﬂ

ï
æ
^ì
ð
ìUê)ﬀ-
H
é
ð
ä)ë\õHé
^ëGﬂ«ë
Q
ﬂ#!

ﬀ
ß
-
ý
ùC?
ÜUÐ
ﬂ«é<ëLêìﬂì
è
?ä)ë!3å"
õ^ì
ô
ë>ì
è

æ
ﬂ#ﬀ

ð
ìﬂPê3ë?êó
M
ú:ï%ﬂ«éaé
ﬂ«êë?äë
æ
ì
è

æ
ﬂ"ﬀ
ð
ì
ﬂ«ê3ëZóﬁﬀUê3ï ì
è
Ëì¦ä(ﬀ
!)Áì
ò
ê3é
ﬂOìﬂPê3ëZìUê
ì
è
ï4ä(ﬂ«ëHﬂ«ë	ìﬀ¦ä
ð
ìﬂPê3ëùkõ

ìËì
è
{äë!å"nõ=Áì
ô
ë,ì
è

æ
ﬂ#ﬀ

ð
ìﬂPê3ëTê)ó
M
ú$ï%ﬂ«éaé
ﬂPê3ë=ä)ë
æ
ì
è

ò
ﬀ
ò
ë
æ
ﬂ
ð
åä(ﬀ
ò
ﬀaêI
ð
ìﬂPê3ë4ê)ó¬ì
è

æ
ﬂ#ﬀ

ð
ìﬂPê3ë#óﬁﬀUê3ïyì
è
%ì0ä(ﬀ!)^ì
ò
ê3é
ﬂOìﬂ«êë+ì¦êﬂì
è
Bï?ä+ﬂ«ë'ﬂ«ëJú
ìﬀ¦ä
ð
ìﬂPê3ëHê3ë	ì¦êﬂì
è

ò
å«äë%é
ò
äëLë
æ
õ	í#ì
è
ë
Lð
å"

éÈÄ ﬂ#!
è
ì
æ
ﬂ"ﬀ
ð
ìﬂ«êë4ä)ë
æ
ì
è

æ
ﬂ"ﬀ
ð
ìﬂ«êë
êó
M
ú$^ï0ﬂPéUéﬂ«ê3ëJ-
Q
ê)ﬀLK
øXWËøXY
HZ\Z
ﬂPìMﬂ«é
æ
éﬂ"ﬀ

æ
ì¦ê#ä
ð0è
ﬂ"Áã)2N6O
O P
EŁ9QÚ
NZäë2ëﬀ
!í
ﬀ
^éUê3å

ìﬂPê3ëZêó
Æ
ê(ﬀûõ^ìaìﬀ
ô
ﬂPì
è
äﬂï?ä
÷
ﬂPï

ï
Ú
êó

-

NR^ã(ë}óê)ﬀÖì
è

è
ﬂ#!
è

OZð
ﬂ"^ë
ð
í
é
Áì
Lò ô
ﬂPì
è
äHï%ﬂ«ëﬂPï

ï ì0ä(ﬀ!)^ì
æ
ﬂ«éaì¦äë
ð
nê)ó

-
Ø
ð
ïH- SËë
æ
ﬀ%ì
è
{ïZê3éaì

ëuóRäsã3ê

ﬀUäõLå#
ð
êë
æ
ﬂPì
ﬂ«ê3ëuéù
ôè
ﬂ
ð0è
ﬂPé
ÜUÐÓ

)T
ù
ôè
ﬀ
UN6O
O
è
äéAﬂPì¦éËï?ä
÷
ﬂPï

ï ùLì
è
+äë!

å«ä(ﬀ
æ
^ãDﬂähìﬂ«êë
ï

é8ì.ì
è
ﬀ^óê)ﬀõûå#ﬂ«ï%ﬂPì
æ
ì¦ê0V ?
ÜUÐ
VDW

-
s_
ﬀ¦ä
æVýBæ
!(ﬀ
^é

-
Q
ê)ﬀjäËé
ﬂPë!3å#;K
øXWËøXY
HZÃZ
ïZê
æ
å"nä)ìËäZì¦ä(ﬀ
!)Áì
æ
ﬂ«éaì¦äë
ð
{êó

-
Ø
ð
ï ì
è
ﬂ«é
ð
ê)ﬀ
ﬀé
ò
ê3ë
æ
é£ì¦ê4ä
ò
ê3é
ﬂOìﬂPê3ë8ﬀ
éaê3å

ìﬂ«êë
X}ã~äå*éRådçPíRöPî ÷³öPéaæRäå7øéRöZYàå}ð æèì öUî ì`íÎæRäçïææRäå[vöPøøúñåé\ðöPéèéRådð æèì öUîCìñí~öUîú

íóå}îíóì æRì\PånæèöEæèäì`íçïîêUú å
 
çºëå]ì`ç æèì öUîìñîæRäå7øåéèø4å}îëì`ð^ú`çïé\ëì éèå}ðXæRìñöPîlëöå}í~îöPæåîFæRå}éì îæRäå_[ÃöUøøúñåéÃíRäì ÷ýæ	
ß¿3ß
á
â
ÜjÞl

 Ù Ü×áP
â
_©
Dq
gq
target
g
g
nucleus
beam
1. interaction
main interaction
Q
ﬂ#!

ﬀ

ß
-
ý
¨
ÒÖ»^À3Ä ·Â¦Ä¾J¿ﬂ¾\ÜUÐÈ¾J¸ Ä ÂÇ½Ê¾	ÈVÈ»ÊÁÂÀh·;ºÑ¼¶»½	ÃËÅ¶»h¿ﬂÂ0Å¶»¸o·3ÄÌ¿{ÄÌ¿ÂÇ»)È·hÊÁÂ¦Ä¾u¿#ÄÆ¿¶½8ÂÇ»·hÍ
¾×Â0Å¶»<Ð§È«½8Â£ÄÆ¿ÂÇ»)È·hÊÁÂ¦Ä¾u¿ZÄ½o¼¶½8»Í4ÂÇ¾ZÍ	»^ÂÇ»hÈ¸ﬂÄÌ¿¶»ﬂÂ0Å¶»ﬂÍuÄÌÈ»^Ê^Â¦Ä ¾u¿+¾ÃMù»h¸nÄ ½a½0Ä¾u¿°
Effizienz
 Dq
g
`
 < 0.05 rad (2.9 deg.)
single modulea
aligned 3-Clusterb
Fr
ac
tio
n 
[ %
 
]
Energy [ keV ]
60c
65c
70d
75d
80e
85e
90f
95f
100
0g 500h 1000 1500 2000 2500
Q
ﬂ#!

ﬀ

ß
-
ß
¨
¯jiklmnkZoprqsﬃtvumnsﬃwxt s+m3p oRHl9s/yzp{wu>t k2|ko^kqo^lm.}AlD|xt kBsﬃw|~ljozik8stpru>wk|

}AlD|xt kt\xy^o^k+m®~¯,ik$msqop lw0lLst\tC =a½F,ik+m"kRozik0smnlﬃp{}Asop lw0lMozikRmny^o7p\w
o^k+mnsqZoprlw~(l)yŁp oprlw2jp ozi8ozik}As)p{wUp{wo^kmsqoprl>w(l)yzp oprl>w>)p k+t |y*s
Vr?
ÜUÐ
VW
E

_~ms|ù½pry
yŁil,w°
_) , A_ D

A     D  P4[
)

A ﬁﬀ
)
 ¢¡(£

 

A¤

£


ﬀ

 ¥
_§¦%¦
-ﬃ¨

©

ﬀ!(ª«$¤¬=

¤

 ﬁﬀ¡+£

ﬂ
)
 v¡(­"­
 

­#­®«$

ﬀ!(ª/¯)
°2±
Q*S'S²Z³6´

ﬂ#£

 

­
I
­"­,Vr?
ÜUÐ
VWµ>-\
_
ﬀ
¡(¤
³
ﬂ
°©°
´

ﬂ

Q
ﬂ"!

ﬀ
ß
-
ß
 

ﬀj¡
°
ﬂ

!)­#.K/¶
W
¶
Y
H[Z\Z
¦

¤

­"©¡

¤2 

ﬀ

.¡+­"ﬂ"!

¤HK/¶
W
¶
Y
H[Z\ZG·
«]¸;­

°
ﬀj¡
4

¦
ﬂ

ﬂ
¦*¦

¡(ﬀ!)

¤ﬂ
°
¡

£

 9¹-ºH£
¦
-
Y
(
£

ﬀ¯)
°§
¡+ﬀ
¤­®ªU¤ﬂ

ﬀ5 

ﬀ&

ﬀ!)ﬂ"
°.»
Ł«
­

´
)tK(Z¼½¡

¤¾¡
»=
¯(2)(BK+¼
´

ﬀ

¦

ﬀ

¡

)
Æ

 A¡(­"­
Q*S'S
°
¦

R
ﬂ
°
ﬀ

]ﬃ
ﬂ"ﬀ
¦


-¶

«
»


´


³
¡

¡



ﬀ!(ª

 
·
_
­K(¼
³



°
ﬂ

!)­#Z«
¦

¤

­"8¡

¤


¡(­#ﬂ"!

¤>«
·
«]¸;­

°
ﬀ£

ﬀ]¯)
°
Z¿

ﬂ
»
ﬂ

¡
¦
ﬂ

ﬂ
¦*¦

 Ã
Æ
¡

¤
·
ÆB³
ﬀ

°
¬£

ﬂ#¯(­#ª(-
H
°
´

£¡

Z¿>¬£
5%)»
¡(ﬂ

¡0!
D
¤1

¬¬­"ﬀ,£

ﬀ
ﬀ£

ﬂ
(
 

ﬀ9¡

­"¡
°,
ﬀ

]ﬃ
¡(ﬀ

ﬀ
°A
 ¡(­"­
¯(
°
³




°
¡
»
ﬂ"­#ﬂ

ª

 



¦
¡+ﬂ

ﬂ

ﬀ¡+£

ﬂ
)
£
)
£¬
9
¡
°j»


¤
¦
)°
ﬀ¡

¤6-
À[bdc<b^Á ÂÄÃlkÆÅMÇmÎuÃq rtknjlkÃÏùmpu7Ï¢|}Ëºj ÊÌk<È[Ï Ã
¨

'ﬂ"¤¡(­#ﬂ"É¤~¡
°
°
¦
¬

ﬂ
)U
¡

ﬂ

´
¡
°
¬
)°°
ﬂ
»
­"


Ł¿¡(£

­#ªU­

£¡





¦
¡+ﬂ

ﬂ

ﬀ]«
¡(£

ﬂ
(
¬
)°
ﬂ

ﬂ
(Ê±3Ë
³<Ìv³
É N
°

Q
ﬂ"!

ﬀ

-
)²
ﬂ
°


ﬀ¡(­#ﬂ
°
ﬂ"£+-v¨


°
!
¦


¡

ﬂ
)
¡

¤
¬

­
°
Ł«
°

¡(¬=8¡

¡(­#ª
°
ﬂ
°2±
TÍ
H
²
)
­#ª¬=ﬀ
¦
ﬂ

¡

¡(¬¬ﬀ

¿ﬂ
¦
¡

B¡

!)­"
Ì
¡

¤Îﬀ
¡(¤ﬂ

°RË
¤

ﬀ
¦
ﬂ

¡

ﬂ
)
-+¨

jÉZ«:£
D
ﬀ
¤ﬂ

¡

4£¡
(»

¦
¡
°

ﬀ
¤¡

¡+­"­
³
¡(­


!

ﬂ

ﬂ
°
¤¤
 

ﬀ

71

¬¬­"ﬀj£

ﬀ
ﬀ£

ﬂ
)
¡

¤


TÍ
H
-¶

*K/¶
W
¶
Y
H[Z\Z
£

­"­n¡
»=
ﬀ
¡

ﬂ
)
ﬂ
,
¡
°
»


Ł¿


°
ﬂ#¯(­®ª¤ﬂ
°
£

°
°
¤
³

´
¡

¡(¤¤ﬂ

ﬂ
(
¡(­
°
!
¦


¡

ﬂ
)
ﬂ

ÉŁ«$¤ﬂ#ﬀ
£

ﬂ
)
£


­#¤
ﬂ
¦
¬ﬀ

¯(


B¤

£

ﬀ§¬=ﬀ 

ﬀ
¦
¡

£
³
»


I

¡(­#­#ª~ﬂ
§
¡
°*»


¤£ﬂ"¤¤

¡
§
Bﬀ
Ł«
°


ﬀ
£
°&
¤¤ 

ﬀ

'Ł¿



¤¤Ï¤

£


ﬀ.ﬀ
¡+¤>«



´


­"¤~Z¿>£¤



»



I
°.
 
°

£

¡
°
!
¦


¡

ﬂ
)
-
H
°5

*¤¬

 



¦
¡+ﬂ

ﬂ
ﬃ
ﬀ
¡(£

ﬂ
)
£¡
+©»
R¤

ﬀ
¦
ﬂ

¤UZ¿>¬ﬀ
ﬂ
¦


¡(­#­#ª
³


°
ﬂ
¦*
­"¡

ﬂ
)U
 L

ﬀ!(ª~¤¬=

¤

¦
¡

¤¬
°§
 


I
ﬀ
°]
¡

¤



¦
¡(ﬂ

ﬂ

ﬀ
¡(£Z«

ﬂ
)8»
£

¦


£
°
°
¡(ﬀª
±

¬¬ﬀ,¬ ¡

­

 
Q
ﬂ#!

ﬀ

ß
-
_)²
- ¨


°

¦
¡

¤¬
°
¡(ﬀ


°
¤
ﬂ
°
¡(¤

 
¦
¡
°

ﬀ¤2¯+¡(­


°
³
Z¯)
H


!
8

´
ﬂ"¤

H
 


©¤¬

¤ﬂ
°]
ﬀ
ﬂ
»


ﬂ
)2
¡
°
¡(­
¦
)°]

°
¡
¦

°
ﬂ"É9¡
°


¦
¡

¤¬


ﬂ
°
­# ^-)¶
'
,

ﬀ!(ª'ﬀ¡

!)
»


´


K(Z¼
¡

¤
_
)K(Z¼


¦
¡

I
ﬀ
°
¡

¤
¦
¡(ﬂ

ﬂ

ﬀ
¡(£

ﬂ
)
¤¬
°
ﬀ
ﬂ
°

]ﬃ
ﬂ"£ Kﬃ­#ª
´
ﬂ



ﬀ
!(ª
³
 

ﬀ

ﬂ#!

ﬀ
M
«:

ﬀ
!)ﬂ#
°j)
­®ª2¡
¦

¤ﬀ¡

©ﬂ

£ﬀ
¡
°
.ﬂ
°


£



ﬀ¤6-
¨

R¤¬
°&
 



I
ﬀ
°
¡

¤
¦
¡(ﬂ

ﬂ

ﬀ¡+£

ﬂ
)
¡(ﬀ*ﬂ
¦
¬

ﬀ

¡

 

ﬀ


TÍ
H
³
¡
°5

¬

­
°

°
!)

ﬀ
¡

¤
»
ª8£

¡(ﬀ!).£¡(ﬀﬀ
ﬂ#ﬀ
°
¤ﬀﬂ# 

ﬂ

!Rﬂ
H


À
¬­n¡

¡(ﬀ
Á
 ﬁﬀ
)
¬¡(ﬀ
,
 

&¤Ł«

£


ﬀ
±3Ð
WÑ¹
_A¦%¦²
¤ﬂ

ﬀ
°
ﬂ#!

ﬂ
I
£¡

­#ª. ﬁﬀ

¦
¬

­
°

°
!)

ﬀ¡

¤
»
ª*£

¡(ﬀ
!)4£¡(ﬀ
ﬀﬂ"ﬀ
°
ﬂ


;ﬀ
¡(ﬀ
À
£

¡¿ﬂ"¡(­
Á
¬ ¡+ﬀ

-¨

M¤ﬂ
°]
ﬀ
ﬂ
»


ﬂ
).
 



I
ﬀ
°
¡

¤
¦
¡(ﬂ

ﬂ

ﬀ
¡(£

ﬂ
)
¤¬

ﬂ



À
£

¡¿>ﬂn¡(­
Á
¡

¤
À
¬­"¡

¡(ﬀ
Á
¬ ¡(ﬀ

ﬂ
°
¤¬ﬂ"£

¤2ﬂ

A­

´
ﬀL¬¡

­

 
Q
ﬂ#!

ﬀ

ß
-
_
-D¨


¦
¡

¤¬

R
 
»=+§


I
ﬀ
°
¡

¤


¦
¡(ﬂ

ﬂ
ﬃ
ﬀ
¡(£

ﬂ
)
ﬂ
°<
¡(ﬀ
¤­®ª7¡

£

¤
³´


R

D
¿
8^  

;  P4 _
·
0Ò
1
2
Ó
3Ô
0Ò 500Õ 1000 1500 2000Ó 2500ÓEffizienz
D
ep
th
 [ c
m
 ]
Mean penetration depth
1)
first interactionÖ
main interaction
Effizienz
Fraction of interactions in the coaxial part
2)
Fr
ac
tio
n 
[ %
 
]
first interactionÖ
main interaction
single module×
aligned 3-ClusterØ
Energy [ keV ]
0Ò
20Ó
40Ù
60Ú
0Ò 500Õ 1000 1500 2000Ó 2500Ó
Û
ﬂ#!

ﬀ

ß
-\Ü>ÝßÞ
kwkozmsoprl>w.|k+ozi.l(à6ozikjmny^osﬃw|§ozik&}5s)p{w7p{wo^k+mnsqZoprlw©àﬁlmFs©yŁp\wut k7á2â®ã;ârä
å6æ4ç>ç
}AlD|xt k,sw|7àﬁlm ozikAstp uwk|0á2âèãLâ
å6æ4çç©é
ä<txy]o^km$ê âëwAozik4mny^oumsi,ozik9sìk+mnsu(k
}9ksw%(k+wkZozmsoprlw&|k+ozi&l(àozik5mny^oMsﬃw|*ozik*}As)p{w*p{wo^kmsqop lwRpry;yŁil,wDê6âèw©ozikAykqlw|
à$ms}9k§ozik§à$msqop lwyAl+àLp{wo^k+mnsqZoprlwy,9i)p q+i8is)k+w2p\w%ozik§qlsﬃpístFs+m#o,l(àozik*|ko^kqo^lm
î
Ð'ï
¹Ü
}&}©ð4s+m"k.yZil,wDê
æ
y©xyZxst{ñlwt ò0 F>y9smnk.qlwyzpr|kmnk|ßê
¤

£

ﬀ.ﬂ
°&°
­"ﬂ#!

­#ª

ﬂ#­

¤
±
¡+­"ﬂ"!

¤~¡

¤
)
«

¡+ﬀ
!)

!)

¦


ﬀª
²
-6ó
)°
ﬂ

ﬂ
)
¤¬

¤

°
ﬂ
¦*
­"¡

ﬂ
)°
¡¯)L¡(­
°
ﬀ¯)¡(­"¤

¡



¦
¡

¤¬
°
£

¡

!(
)
­®ª&¡
»
¯(


;¤ﬀﬂ"­#­"¤

­#

 


.ﬂ

ﬀj£
)
¡(£

¡

¤Hﬂ
2

.£­
(°

°]
¯Dﬂ#£ﬂ

ﬂ

ª

 


© ﬁﬀ
ﬂ

!)

 


.¤

£

ﬀ-
ô
°jõ°
õ
¡(ö
õ
¡
°,
¡¯
õ
¡
°
ö
)
!(­#ª2ö
õ
¤÷£
õ
¤
õZø
£ﬂ
õ
£ª
³

õ
¦
õ
¡

I
ö
°
ﬂ
õ
ö¡(£

ﬂ
)
¡

¤
¦
¡(ﬂ

«:ﬂ
õ
ö¡(£

ﬂ
)
¤
õ
¬
°
£¡
ù»=õ
£
(°
ﬂ#¤
õ
ö
õ
¤Ï¬
)°
ﬂ

ﬂ
)
¡

¤!
õ
¦
õZ
öª~ﬂ

¤
õ
¬
õ
¤
õ
-
¨
õ
ö
õ
¬­n¡+£
õ
¦
õ,
 
õ
¦
õ
¡
°
÷ö
õ
¦
õ9
 

õ
¦
¡(ﬂ

ﬂ
õ
ö¡(£

ﬂ
)
¤
õ
¬

/»
ª

õ
¡¯
õ
ö^«
¡(!
õ
¯+¡(­#÷
õ4
 
õ
I
ö
°
ﬂ

õ
ö¡+£

ﬂ
)
¤
õ
¬
ú
¦
õ
¡
°
¡.­
)°°û"
¬
)°
û®û#)
ö
õ°

­#÷
û#)
³+´
û
£

£¡
/)
­#ª
»õ
I÷
°
û
I
õ
¤
»
ª

õ.ü
ö
õ
¡

­®ª
õ
­n¡(ö
ü)õ
¤8£
)°
°
 

ö

õ
ÉZ«
°
õü
¦
õﬃ
¡
û#)6ý
À5þ
ß;þ À
	
ﬀ ﬁﬂﬃﬁ !""#$% &(')*+ﬀ 
Ç
ﬀ%,*%ﬀ
-
õ
 

ö
õHõ
¡
ü
÷­"¡(ö%¡

¤ö
¡(¤
û
¡(­4ö
õ°

­#÷
û#)
¡+­
ü)
ö
û#

¦
°
¡+ö
õ
¤
û"°
£÷
°
°õ
¤
û#
¤
õZ
¡
û
­
³
û#
û"°7û
¦
¬

ö

¡
ﬃ.

I

¤

÷

³

´
õ0õõ
ö
ü
ªùö
õ°

­#÷
û#)
¡+ 

õ
ö/.

¬¬­
õ
ö&£

öö
õ
£
û#)Ïû#°
02143657986:<;6=?>"@A5B5BDCE5%@GFA8IH2FFJ865BﬀHLKM3!KM3NFJ5@OHQPRFJKM:Q3"K?74FJ865KM3<FA5@OHQPRFJKM:Q3TSVUW86K?PO8XPHQ3"CV5D=M:YPH2FA5%>ZS
UW86KM=[5\FA865\]I@O7^FWKM3NFJ5@OHQPRFJKM:Q3KM7$FA865_KM3<FA5@OHQPRFJKM:Q3TSY:<365\U$HQ3<FO7$FJ:=M:`P%H2FA5Qa
ÜEb
,,c _ed gf A  hjji kml   h  i
û"on
÷
õ
£
õ
¤
»
ª

õ
ö¡(¤
û
¡(­4¡

¤¡
ü
÷­n¡(öRö
õ°
­"÷

û")Fý
Û

ö
û#°
¬÷ö
¬
)°
õ8õ
.

¬¬­
õ
ö
£

ö
ö
õ
£

û")
¡

¤

õ
ö
õ°
÷­
û#üUõõ
ö
ü
ª
°
¬
õ
£

ö
÷
¦

¡¯
õ8»=õõ¾°
û
¦
÷­n¡
õ
¤ù 

ö'¡
°
û#ü
­
õ
p
¶Rq,¶
-
ô,rsr
¦

¤÷­
õ
¡

¡

¡+ö
ü)õZ
¤
û"°
¡

£
õ&
 L¹
ý
ºR£
¦
 

öj¯+¡(ö]ª
û"ü
ö¡+¤
û
¡(­6¡

¤/¡
ü
÷>«
­n¡+öö
õ°
­"÷

û")°ý
¨
õ
¯(¡+­"÷
õ°M
 
õ
ö¡+¤
û
÷
°MËt
¡

¤
û®°
ö
õ°

­#÷
û#)vu%Ëwt
³
¡
°
´
õ
­#­=¡
°Mõ
¡
ü
­
õ
Ì
t
¡

¤
û#°
ö
õ°

­#÷
û#)xu
Ì
t
³
¡(ö
õü)û
¯
õ
´
û#
ö
õ°
¬
õ
£
R
/õ
¤
õ
õ
£

ö§ ﬁö
)
¡(­
¬­"¡
õ8±¢Ðzy

¦0¦²Z³
£

öö
õ°
¬
)
¤
û#üB2õ
M
«:ö¡ª
õ
ö]ªU¬
(°
û#
û")û"B
õ
¤
õ
õ
£

ö
ý
¨
õ
ö¡(¤
û
÷
°
¡

¤/¡
ü
­
õ
¯+¡(­#÷
õ°
÷
°õ
¤8 

ö
õ
.

¬¬­
õ
ö4£

öö
õ
£
û#)8
¡¯
õ&»=õõH)»
¡
û"õ
¤
»
ª¡(¤¤
û#üz{
¡(÷
°
°
û
¡

¤
û"°]
ö
û"»
÷

õ
¤
õ
öö

ö
°
´
û®~õ
¤
õ
I
õ
¤
´
û
¤


H
õ
¡
ü
­
õ
¡

¤
õ
M
«$ö
¡ª
õ
öªHö
¡(¤
û
÷
°ý
ô
°,õ
¦
¡
û#
«
û#õ
ö
¡(£

û")
¤
õ
¬


£¡
(5»õ
¦
õ
¡
°
÷ö
õ
¤
³
û#,û#°
¡
°°
÷
¦
õ
¤


¡
5
õ
ö¡+¤
û
÷
°
¡(­
ü(
ö
û®
¦
°
÷}|
õ
ö
°
 ﬁö

¦
¡

¡(¤¤
û#û#)
¡(­
»
ö

¡(¤
õû#üB
 
õ
ö
õ°

­#÷
û#)
³ ´
û
£
 û"°
¡(­"ö
õ
¡(¤>ª
û#
£­#÷¤
õ
¤
û"Hõ7°
û
¦
÷­n¡
õ
¤/ö¡(¤
û
÷
°
ö
õ°

­#÷
û#)
¯+¡(­#÷
õ°
N
õ
¡
ü
­
õ
¡+­
ü)
ö
û#

¦
û"°,(
¡E|
õ
£

õ
¤
³
¡
°A
õ§°û"ü
­
õ
¦

¤÷­
õ&û"°
¡(­
û"ü)õ
¤
´
û®
ö
õ°
¬
õ
£

R
õ©
¡(ö
ü)õ
¤
û
ö
õ
£
û#)
³
°%

¡
4
õ
¡
ü
­
õ©û"°4û"
¤
õ
¬
õ
¤
õA
 

õ
¤
õ
¬

6ý
p
õ
¡
°
÷ö
õ
¦
õ°,
 
õ
ö¡(¤
û
¡(­Fö
õ°
­"÷

û")(~{
÷
*ZY
¡¯
õ
ö
õ
¯
õ
¡(­
õ
¤


¡
4õ
ö¡(¤
û
¡(­Fö
õ°
«

­#÷
û#) û#°
¡+ö
¤­®ª¾¡
ü
­
õ
ö0ö¡(¤
û
÷
°
¤
õ
¬
õ
¤
õù±
 

ö0ö¡(¤
û"ûj
÷

°
û
¤
õ/õ
¤ö
û
­"­
õ
¤¾£

ö
õ

­
õ
²
ý
¨
õ
ö
¡(¤
û
¡+­ö
õ°

­"÷

û"))u'Ët.û#°Aõ
ö
õ
 

ö
õ
¡
°°
÷
¦
õ
¤

2»=õ*û#
¤
õ
¬
õ
¤
õ&
 
õ
¬
)°
û®û"(6ý
ô
°7°
÷£

¤ ¡

¡.¡(ö
õ
¡¯+¡
û
­n¡
»
­
õ
 

ö

õ
¡
ü
÷­"¡(öö
õ°

­"÷

û")
³
õj°û
¦
÷­"¡
û#)°

¡¯
õA»=õõ
¬
õ
ö] 

ö
¦
õ
¤ 

ö

´

¤
û
|
õ
ö
õ
¡
°
°
÷
¦
õ
¤8¡
ü
÷­n¡(ö_ö
õ°

­#÷
û#)°ý}5B(õA
¡

¤
°
û
¦
÷­"¡
û#)°;
¡¯
õ7»õõ
¦
¡(¤
õ
 

öj¡'£
(°
¡

¡
ü
÷­"¡(öLö
õ°

­#÷
û#)gu
Ì
t
³
)8õ&+õ
ö

¡

¤

õ
ª

¡¯
õ8»=õõ
¬
õ
ö 

ö
¦
õ
¤Ä 

öR¡U£
)°]
¡

¡(ö£Z«$­
õü+
ö
õ°

­#÷
û#)ÄËtu
Ì
t
³
£

ö
ö
õ°
¬
)
¤
û#üR
¡

¡
ü
÷­n¡(öLö
õ°
­"÷

û")
³´
û
£
Hû
¦
¬ö

¯
õ°
´
û#

ö¡(¤
û
÷
°ý
¶

Û
û#ü
÷ö
õ
b
ý
º

õ
¬
)°û#û#)
«:ö
õ°
­"÷
û"(
«$¤
õ
¬
õ
¤
õﬃjõõ
ö
ü
ª«$ö
õ°

­"÷

û")/û"°,°

´

 

ö9¡
¹
p
õ
¼
M
«$ö
¡ª
õ
¦
û®

õ
¤
»
ª0¡

÷£­
õ
÷
°
´
û#

¡&¯
õ
­

£
û#
ª

 W
y

ý
)ºÜ
ý
¶
Mû"°
¡
°
°
÷
¦
õ
¤

¡

¡
°
û#ü
­
õ
¤
õõ
£


ö
¦

¤÷­
õ*û"°
¬
)°
û®û#)õ
¤~¡

¡8¤
û"°
¡

£
õ%
 A¹
ý
º2£
¦
 ﬁö

¦
õR
¡+ö
ü)õZ
¡

¡

¡
ü
­
õgŁ+y"
¡

¤


¡
%õH
÷£­
õ
÷
°%
ö¡¯
õ
­
°%û"
¬ ¡(ö
¡(­"­
õ
­
ù
õH»=õ
¡
¦/³
°

¡
4õ
¦
)°
÷

 ¢¡¯

÷ö
¡
»
­
õ
¤
õZõ
£
û#)
¡
ü
­
õ"<Vy

³´
õ
ö
õ


¡
°jû#
°
¦
¡¿
û
¦
÷
¦
±¢°õõ8õN
÷ ¡
û"(
b
ý
)²Ł³
û"°*(»
¡
û#õ
¤
ý
¨
õ
­
õ
 

¬­
(*°

´
°'õ8õõ
ö
ü
ªÄö
õ°
­"÷
û"(
¡
°
¡
 ﬁ÷

£
û#)8
 

õ
ö¡(¤
û
¡(­Fö
õ°
­"÷

û")gu'Ët
¡

¤/¡
ü
÷­"¡(öLö
õ°

­"÷

û")gu
Ì
t
³

õ
ö
û#ü)
¬­
(
¤
û#°
¬­"¡ª
°;
õ5õõ
ö
ü
ªBö
õ°

­"÷

û")
¡
°
¡§ ﬁ÷

£
û"(B
 
õ
ö¡(¤
û
¡(­ö
õ°
­"÷
û"(u'Ët
¡

¤
õ
¡(ö£Z«$­
õü+
ö
õ°
­"÷
û"(ÏËtZu
Ì
týW û
­
õRõ°
û
É
õ%
 j¡
u%Ëwt
«
u
Ì
t
«
°
õ
£
û#)Ïü
ö

´
°
­
û"
«
õ
¡+ö
­#ª
´
û#
ö¡+¤
û
÷
°
³
õ7°û
É
õ&
 <¡
u'Ët
«
±3Ëtﬂ6u
Ì
t
²
«
°
õ
£

û")8û"°
£
)°
¡

¡

¤

õ
ö
õ
 

ö
õ
£

¦
¬ ¡+ö¡
»
­
õ%

¡
°]
¡

¤ ¡(ö
¤Î¸L¡(ö

õ°
û
¡
u
«
u
«
°õ
£

û")Fý
-
(
¬­
(
°§°

´
¡
°
û
¦
û
­"¡(ö
»õ
¡¯
û"
÷ö
³
õ
£
)
÷ö
°%
 A£
)°]
¡
%õõ
ö
ü
ªÄö
õ°
­"÷

û")
¡(ö
õ8õ
­"­
û
¬

û
£¡(­
ýs,õ
£
õ/õ
d  )8^ h fl;   h 
Ü)Ü
0 0
D R0
R DF
0
0
F
R
DF 0
0¡
0.5
¡
1¢
1.5¢
2
£
0¡ 20 40 60¤
Breite
(D
R
0) F
W
H
M
 
[ c
m
 ]
D
E FW
HM
¥
 
[ ke
V ]
(DF 0)
¦
FWHM [ deg. ]
1.5
3.§
4.5
6.¨
7.5©
9.ª
10.5
Breite2
D
E FW
HM
¥
 
[ ke
V ]
(R0× DF 0)
¦
FWHM [ cm ]
1.5
3.§
4.5«
6.¨
7.5©
9.ª
0¡
0.5
¡
1¢
1.5¢
2
£
0¡ 0.5¡ 1 1.5 2
Û
û#ü
÷ö
õ
b
ý
º>Ý
=wkmnu(ò8mnkyl>t\xoprl>w
u
o¬Y­®}¯ l(à;s±°Há*k<² M äŁ³´?µ6¶¸·à¹R¶Eº¼»_½}¾Z¾Z³ ¶Eºﬂ¿N½ZºAºÀ¶N¿Q¹Ł´Á½}µ
·6Â/·Bà+ÃZµ6¿<¹Ł´ ½}µ½(à¹2Ä6¶gº·6Å}´Æ·Z³·Zµ6Å)·Zµ6Ç}ÃZ³Á·Iº½Zºﬀ·IºÈ¿Zä³ ¶Iµ6ÇV¹2Ä)ºÈ¶<Â%½}³[ÃY¹Ł´Á½}µDêâÁ¹/´ÁÂX·IÂÂLÃZÉ¶<Å¹2ÄI·Y¹
¹2Ä6¶ÅZ¶<¹R¶<¿<¹R½ZºX´ ÂÊ¾½Â2´ ¹Ł´ ½}µ6¶NÅË°YÌêÍ(¿IÉÎ·QÏÐ·ò/à+ºÈ½}ÉÑ¹2Ä6¶¹·EºÀÇ¶<¹·6¹·Tµz·Tµ6Ço³ ¶½(à
	ŁRÒ"Ó
Ì

Ï¼´ ¹2ÄÔºÀ¶NÂL¾¶<¿<¹¹R½¹2Ä6¶gÕV¶`·ZÉÖ·Tµ6Åg¹2ÄI·6¹w¹2Ä6¶JM ä+¶IÉ!´ ¹+¹Ł´?µ6Ç(µZÃ6¿E³ ¶IÃ6ÂñÏÄ´Á¿IÄÔÄI·6Â"·ì6¶E³ ½¿I´ ¹3ò×½(à

Ò
Ìê[ÌVÍVØñÙ¹2ºÈ·ì6¶I³ Â/´Mµ±¾I·EºÈ·T³[³ ¶I³*¹R½¹2Ä6¶ÕV¶`·ZÉ§ñÂ½¹2ÄI·6¹
<VÒÓ
Ì

´ÁÂ,½oÕY¹·Z´Mµ6¶NÅßêÚ¼Ä6¶×´?µY¹2ºJ´Mµ6ÂL´ ¿
¶Eµ6¶IºÈÇ(òvºÈ¶<Â%½o³MÃY¹Ł´Á½oµ/½(àW¹2Ä6¶ÇV¶EºAÉ·Zµ´?ÃZÉﬃÅZ¶Q¹R¶N¿<¹R½Zº_´ÁÂwµ6¶NÇ}³ ¶N¿<¹R¶<Å´MµX¹2Ä6¶Â2´?É!ÃZ³Á·Y¹Ł´Á½oµDê
æ
ÂQÛŁ¶<¹R¿EÄ
´ÁÂﬀÂLÄ6½`Ïµ½}µX¹R½}¾/¶2Ü¾Z³Á·´?µ´Mµ6Ç¸¹2Ä6¶"ÝÃI·ZµY¹Ł´ ¹Ł´ ¶NÂ,´?µì6½}³ ì6¶NÅßê
ÜVÞ ß\àá
câ4ãÐä då fãâ4ã
ß
â h ä iæ kml4ç
á
â æQhﬀè,i
õNéõ
ö
üEê
ö
õNë%ìí
÷}î
ûÀìé(ëï}ì6ð¼ë/í"û
î%î
í#õ*ûÀñvò
ö
ìYó(õNñ%õNé
î`ô
ûöõ
î
ïõø÷=õ
îî
õ
ö
ìVõ
î
ïõ
î
ðDìÔùû
ö
õNú
î
ûöìé*ûVí
ö
õ<ëìí
÷}î
ûöìéë&ûÀë&ûÀñvò
ö
ìYó(õNù6ýGüﬀïõ×÷õNë
î
õNéõ
ö
üEê
ö
õNë%ìí
÷}î
ûÀìé
ö
õ<ë
÷
í
î
ë/úNûVéx÷õ×ûEú2ïû"õQó)õNùxõ^ì
ö
úNìVñøò*û
ö
ûV÷í#õ,ùû
ö
õNú
î
ûöìé*ûVí
ö
õNë%ìí
÷}î
ûÀìé}ëý
ýzþNß  
	
 
ﬀﬂﬁﬃ ﬁß !#"
%$ﬀ*'&o)(*$+&-, %$+
"/.
021436587:98;=<?>@<BAC98DE3F7HGJIB<B5K;=98DML
 û
î
ï
î
ïõwû(ûÀù¸ìVõ
Û
û"ü
÷ö
õ
b
ý
Þ
û
î
ûöëÐéìYð òÙìVëë
ûö÷í"õ
î
ì7õ<ë
î
ûöñ×û
î
õ
î
ïõ,õNéõ
ö
üEê
ö
õNë%ìí
÷oî
ûÀìVé¸õ^ì
ö
ûONTéìYð¼é
ö
ûEùûÈûVíûVéù ûVéü
÷
íÈû
ö5ö
õNë%ìí
÷}î
ûÀìéFýQP+é(ì
ö
ùõ
ö,î
ìì÷
î
û(ûÀéë
÷
ú2ï
ö
õNë%ìí
÷}î
ûÀìé}ë©û
î
ûöë
éõ<úõNë%ëŁû
ö
ê
î
ìùõ<ó)õ<íÀìògû
ö
ûVùû
÷
ëﬀûVéùûEéûVéüí#õ,ûVí#üì
ö
û
î
ïñ
÷
ë
ûÀéü
î
ïõëõüñ%õNé
î
õ<éõ
ö
ü)û"õ<ë
ûVéùzò
÷
íÀëõSROëï*ûVòõûVéûVíöêë
ûöëUT
óWV
ôYX
ý
ô
î[Zö
ë
îwî
ïõ
ö
ûVùû
÷
ëwûVí"üì
ö
û
î
ïñ ðjûöíÀís÷=õXùûÀë%ú
÷
ë%ë
õ<ù6ý
.
û
|
õ
ö
õNé
î
ûVí"üVì
ö
û
î
ïñvë
î
ì±ì÷
î
û(ûöé û
ö
ûVùûÈûEí
ö
õ<ëìí
÷}î
ûöìéï*û`ó)õøûVí
ö
õ`ûVù}êÔ÷=õõNé ùõ<ó)õ<íÀìòõNù
ô
ùûöëú
÷
ëë
õ<ù
ô
ûVéù ú<ìñvò*û
ö
õ<ù ~[{
÷
é*I ý
ô
íöí
î
ïõNë
õûEí"üì
ö
û
î
ïñøë
ö
õ<íöêËìé û
óWV
ô
ìVõ
î
ïõ
úõ<é
îö
õ\R+ú<ìé
î
ûVú
î
ëû"üé*ûEí ýüﬀïõ"÷õNë
î
ìVõ
î
ïõNë
õXûVí#üì
ö
û
î
ïñvë
ôTî
ïõ!ë
î
õõNòõNë
î
R+ë%íÀìòõ/ûEí"üì
ö
û
î
ïñ
ùõQó)õNíöìòõNù)÷Zê
ó
ûVíÀûEõ^ì^]~
ó
ûEíÈZY
ô
ðjûÀíöíW÷=õXò
ö
õ<ë
õNé
î
õNùïõ
ö
õ*ûÀé±÷
ö
û#õ<õ
ô
ûøõ
÷
íöíWò
ö
õ<ë
õ<é
î
û
î
ûöìé
ìVõ
ö
ûVùû
÷
ë¼ûVí#üì
ö
û
î
ï}ñøëDú`ûVég÷=õõ^ì
÷
éù8ûÀé
î
ïõ
ö
õ<õﬁõ
ö
õNéúõNëûV÷ÙìYó(õ(ý
r
ìoì_NDûöéüû
îî
ïõëú2ïõ<ñ×û
î
ûÀúùõ
î
õ<ú
î
ì
ö
ò
÷
íÀëõNë¸ìVõwë
ûöéüí"õ\R$ûöé
î
õ
ö
ûVú
î
ûÀìéùõ<ó)õ<é
î
ë%ûÀé û
îö
÷
õ
úNìûK]>ûÈûVíùõ
î
õNú
î
ì
ö
T
î
ïõúNì
ö
õïìí#õDõ
÷
íöíöê!ò=õ<éõ
î
ö
û
î
õNë
î
ïõùõ
î
õ<ú
î
ì
ö
X
ô
ëïìYð¼é'ûÀé
Û
û"ü
÷ö
õ
b
ý?
ô
î
ïõ
ö
ûVùû
÷
ëùõNòõNéùõ<éúõ&ûÀëMûÀñvñ0õ<ùûÈû
î
õNí êRõ<óDûöùõNé
î
ý
Û
ì
ö
ûëñøûVíöí=ûöé
î
õ
ö
ûVú
î
ûÀìé
ö
ûVùû
÷
ë
î
ïõ
õNí#õNú
îö
ìVéëX
÷
ûöú`NTíöê
ö
õNûVú2ï
î
ïõvúõNé
î
ö
ûVíﬂúNìé
î
ûVú
îNô
ð¼ïûÀí"õ
î
ïõøï}ìí"õ<ë
î
û_N(õøû±íöìéü
î
ûöñ0õ
î
ì
û
öö
ûöó(õû
îwî
ïõ/ì
÷}î
õ
ö
õ<í"õNú
îö
ìoùõ<ë
ô
õ^ì
ö
íÀû
ö
ü)õ
ö
ûEùû"ûvû
î
ûÀë
î
ïõì
î
ïõ
ö
ðûYêÔû
ö
ì
÷
éù6ý
.5÷
õ
î
ì
î
ïõùû
|
õ
ö
õNéúõNë¼ìVõ
î
ïõúNì
ö
õ,ð;õû"üï
î
ûöéüò	ì
î
õ<é
î
ûÈûVí$û
îî
ïõúNì
ö
õ"ûVéù
î
ïõì
÷}î
õ
ö
úNìVé
î
ûVú
î
ë
î
ïõ×ú
÷ö
ö
õ<é
î
ù
ö
ìVòGûÀë!ë
û#üéû
Z
ú`ûVé
î
í ê)íÈû
ö
ü)õ
ö
ð¼ïõ<é
î
ïõ0õNí#õNú
î
ö
ìé}ëû
öö
ûöó(õÊû
î!î
ïõ×úõ<é
îö
ûEí
úNìVé
î
ûVú
îî
ï*ûVéÔð¼ïõ<é
î
ïõï}ìí"õ<ëû
ö
ö
ûöó(õû
îî
ïõì
÷}î
õ
ö
ú<ìé
î
ûVú
î
ýaP
î
ûÀë
î
ïõ
ö
õ<õ^ì
ö
õòÙìVëë
ûö÷í"õ
î
ìøùûÀë
î
ûöéü
÷
ûöëï÷=õ
î
ð;õõNéUõ<í"õNú
îö
ìéë,ûEéùzïìVí"õNëwûVéù
î
ìøùõ
î
õ
ö
ñ%ûÀéõ
î
ïõ
î
ûÀñ%õ
ô
ð¼ïõNé
î
ïõ
õNí#õNú
îö
ìVéë
ö
õ`ûEú2ï
î
ïõû
ö
úNìé
î
ûEú
î
ý
üﬀïõùõ
î
õNú
î
ì
ö
ò
÷
íÀëõNëDû
ö
õ,ûÀé
î
õü
ö
û
î
õ<ù
ô
ëï*ûEò=õ<ù
ô
ûVéù×ùû"ü)û
î
ûcbõNù¸÷Zê
î
ïõò
ö
õ`ûVñvòí"û
Z
õ
ö
ûEéù
î
ïõd[P
ô
R+ñvìù
÷
í"õeT^ë
õõ
Û
û#ü
÷ö
õf>ý
Ü
X
ûEéù
Z
éûVíÀí ê
î
ïõ
ô
./g
ú2ï*û
ö
ü)õvò
÷
íÀëõhT^ò*ûVéõ<íf8ûöé
Û
û#ü
÷ö
õ
b
ý?
X
ûöë_ì÷
î
û(ûÀéõ<ù6ý
.5÷
õ
î
ì
î
ïõjõS]
î
õ<éë
û ó)õëû"üéûVíëïûVòûÀéü7ûöé
î
ïõjõNí#õNú
î
ö
ìéûÀúNëÐìéõ
ú`ûEééì
î
÷õë
÷ö
õ"ð¼ïõ
î
ïõ
ö¼î
ïõ
ö
ûEùû
÷
ë4ûöé}õ^ì
ö
ñ×û
î
ûÀìé0ûÀëﬀë
î
ûÀíöí$ú<ìé
î
û(ûöéõNù8ûÀé
î
ïûÀëﬀò
÷
íÀë
õ+ýiP+é
ì
ö
ùõ
öî
ìùõ
î
õNú
î
û,ëï*û
ö
òù
ö
ìVòìVõ
î
ïõ4ûöéû
î
ûÈûVíZùõ
î
õ<ú
î
ì
ö
ò
÷
íÀëõ
ô
ûVé¸ûVòò
ö
ì^]ûöñ×û
î
õùõ
î
õ<ú
î
ì
ö
dåkj}å ä
á
f æ l iÊæRè[lﬂh äk
á
â æQh¼è
Ü

0m
2
n
0m 100 200 300o 400 500p 600q
0m
1000
0m 100 200 300o 400 500p 600q
0m
50p
0m 100 200 300o 400 500p 600q
Strom
Detector PulseR=1cm
R=2cm
R=3cm
FADC
FastADC Charge Pulse
Pu
ls
e 
H
ei
gh
t [
 
ar
b.
 u
ni
t ]
FADC strom
Discrete First Derivative
Current Pulse
FADC slope
Discrete Second Derivative
Slope Pulser
0m
Time [ ns ]
Tslopes
-90
15
12
0m 100 200 300o 400 500p 600q
t
ûvuxwHy{z
b:|
*}
Ú¼Ä6¶~o¹R¶N¶I¾¶<Â¹~Ù³ ½}¾V¶D³ Ç½ZºJ´ ¹2ÄZÉ ¹R½±½}ÕY¹·´?µÊ·zº·6Å}´Æ·Z³WºÈ¶<Â%½}³[ÃY¹Ł´Á½}µ)WÚ½¶2Ü¾Z³Á·´?µ
¹2Ä6¶Éw¶<¹2Ä6½Åi*ÂL´Mµ6Ç}³ ¶/´MµY¹R¶Eº·6¿<¹Ł´ ½}µX¶6¶EµY¹RÂ¼·IºÈ¶"·6Â%ÂLÃZÉ¶<ÅBÚÄ6¶,¹Ł´MÉ¶\O¹R½OÂ¹R¶<¶E¾V¶NÂR¹+ÂL³ ½}¾V¶/?Łc

´ÁÂwÅº·QÏµ^½ZºÐ·v¿IºAÃ6ÅZ¶¸·Z³ Ç½Zº9´ ¹2ÄZÉ ÏÄ´ ¿EÄvÅZ½o¶<Â/µ6½V¹´?µ6¿I³MÃ6ÅZ¶ø´MµY¹R¶EºJ¾½}³ ·6¹Ł´ ½}µv½_ﬀ´?µY¹R¶EºJÉ¶<Å}´Æ·Y¹R¶
I·Z³MÃ6¶NÂ
_
ß\àá
câ4ãÐä då fãâ4ã
ß
â h ä iæ kml4ç
á
â æQhﬀè,i
òHwíöë{zT9úwHy{yzNé
î
òHwíöë{z
X
ï*ûEë
î
ì"÷az¼úNûVíÀúwíÈû
î
zNù
|
üﬀïûÀëÐòHw}íÀë{zjûöë\ì÷
î
û(ûÀéHz<ù¸÷Tê
î
û_NﬃûÀé:u!ùû
|
zyR
zNé}úzNëìEõ_éHzûvuïT÷Ùì_wHy
ûöéHu
t
ûVë
î./g
ëŁûVñvòícz<ëT^ëŁûVñvòícz~íûUNROëŁûVñvòívzZ~rûö
X
ô
ûVëúNûVé)÷azXë{zzNé
ûÀé
î
ï:z
î
ïûcy%ù±òûVéHzNí
|
üﬀïHz!ùHyìò}ëð¼ïHz<éÔú2ï*û_yuxz!ú`û_yy
ûczyëû_yy
ûöó_z!û
î¼î
ïHzûcy¼úNìxyy{z<ëò	ìéùûöéHu
úNìVé
î
ûVú
î
ëÐï*û`óxz¼÷azzNé
î
yûVéëõ^ìxyñzNù'ûÀé
î
ì,ëíöìòaz<ë
ô
ð¼ïûÀú2ï¸÷az<úNìñzﬀë
î
zz<òazy
ôî
ï:zﬀïûcuï:zy
î
ï:z
ûÀéû
î
ûÀûVíTùHyìVòðûVë
|
P+é¸ìxyù:zy
î
ìùHz
î
zyñ%ûÀé:zLû
î
ë\ë
î
zzNò?zNë
î
ëíÀìVòaz
î
ïHz¼ûV÷ë%ìícw
î
zñ%ûÀéûöñUwñ ûöé
î
ï:zﬂëzNú<ìéù!ùHzyûöóEû
î
û óxz_ìVõ
î
ïHzÐëŁûVñvòícz<ù"òHwíÀëzûÀëWúNûVíÀúwíÈû
î
zNù
|
üﬀïHzÐùûÀë%úyz
î
zÐëzNúNìVéùXù:zy
û óR
û
î
ûöóxz<ëT9ëŁûEñøòívzZ~rûUN,ëŁûVñvòícz~íûR`NRfMëŁûEñøòívzZ~rû 
X
ùûöëòíÀûYêÔë{wú2ï ñ0ûöéûÀñøûhT^íÀìYðzy"ò*ûVéHz<í
X
|
üﬀïHz
î
ûöñz/ìVõ
î
ïHzvûV÷ë%ìícw
î
zñ0ûöéûÀñwñ úNì)ûöéúûöùHzNë,ðjû
î
ï
î
ïHz
î
ûÀñzìVõ
î
ïHz¸ïûvuïHz<ë
î
ùHy%ìò
ìVõ
î
ïHzAûöéû
î
ûÈûVíù:z
î
z<ú
î
ìxyòHwíöë{z
ôî
ïHz,ëïûöõ
î
÷az
î
ðzzNé
î
ïHz
î
ðì
î
ûÀñzNëûÀëﬂú`û_wëzNù÷Zê
î
ïHz[yûÀëz
î
ûöñz<ëﬀìVõ
î
ïHz/zNívzNú
î
yìVéûÀú<ë
ô
ð¼ïûöú2ïzûy{z.ûÀéú<ícwù:zNù8ûÀé
î
ï:z!ëûÀñUw}íÈû
î
ûÀìéë
|

ë
î
ïHzYzNívzNú
î
yìVéùHy
û õ
î
óxz<íÀìúû
î
êBûÀé
î
ïHzùHz
î
z<ú
î
ì_y4ûÀëﬀûVíöñøìVë
î
ú<ìéë
î
ûVé
î
T^õ^ì_yïûcuVïOzNícz<ú
î
y
ûÀú
Z
z<íÀùë
î
ïHz!óxz<íÀìúû
î
êgûEòòHyìûVú2ïHzNëûøí#ûÀñ%û
î`ô
ë{zz
t
ûvuxwHyz
|b
X
ôî
ïHz
î
ûÀñzSR
î
ìROë
î
zzNò?zNë
î
ROëíÀìVòaz
?Łc

ô
ð¼ïûÀú2ïBûöëÐùHz
Z
é:zNùûVë
î
ïHz
î
ûöñzﬀùû
|
zy{z<éúzw÷az
î
ðzzNé
î
ïHzwë
î
û_y
îDî
ûÀñz¼ìVõ
î
ïHzwò:wíÀëz
ûVéù
î
ïHz
î
ûÀñz
ô
ð¼ïHzNé
î
ï:zëzNú<ìéùvùHzyûöóEû
î
û óxzyz`ûVú2ïHz<ëMû
î
ëÐûV÷}ëìívw
î
zﬀñ%ûÀéûöñUwñ T
î
ïHz
î
ûöñz
ð¼ïHz<é
î
ïHz¡zNívzNú
î
yìVéë¢yz`ûVú2ï
î
ïHz&ûÀéé:zyúNìé
î
ûEú
î
X
ô
ûÀë¼òHyìVòÙìxy
î
ûöìé*ûVí
î
ì
î
ïHzXívzNéHu
î
ïgìVõ
î
ï:z
ùHyûöõ
î
ò*û
î
ïzìVõ
î
ïHz!ñ×û(ûöé/ûöé
î
zyûVú
î
ûÀìéezNívzNú
î
yìVéë
|QV
ûÀé}úz"õ=wHy
î
ïHzy%ñøìxyz
î
ïHz!íczNé:u
î
ï±ìVõ
î
ï:z
zNívzNú
î
yìVé)ùHy
û õ
î
ò*û
î
ï)ëú`ûEíczNë,ðjû
î
ï
î
ïHzRûÀé
î
zyŁûVú
î
ûöìé£yŁûVùûcwë
ôÙî
ï:z
î
ûÀñzSR
î
ìROë
î
zzNò?zNë
î
ROëíÀìVòaz
?Łc
ﬀûVíöíÀìYð¼ë
î
ì¸ùHz
î
zyñ%ûÀéHz"ûVé±ûVòò:yì^]>ûÀñøû
î
z5ûöé
î
zyûVú
î
ûÀìé¤yûVùûcw}ë ¥
|
wìYðz<ó_zy
ô
û
t¦§¦
wëw*ûVíöíöê úNìéëûÀë
î
ë¸ìVõwñUwí
î
ûÀòívzûöé
î
zyûVú
î
ûÀìéëûVéù ë{z<ó_zyûVízNívzNú
î
yìé)R
ûVéù×ïìícz\R+ùHy%ìòëﬂìoú<úwHy
|
P+é
î
ïûöëú`ûEë{z
î
ïHzë
î
zzNò?zNë
î
ë%íÀìò?z,ûÀëﬂú`û_wëzNù÷Zê
î
ïHz¢zNícz<ú
î
yìéëDìVõ
î
ï:zñøû(ûöé*ûÀé
î
zyŁûVú
î
ûöìé
|_
é×ûEòòHyì^]>ûÀñøû
î
z
Z
yë
î
ûÀé
î
zyŁûVú
î
ûÀìVéyŁûVùûvwë§¥¡¨ú`ûVé¸éHzQóxzy
î
ï:zNícz<ëë
÷?zwì÷
î
û(ûöéHzNù
ô
÷?zNúNû_wëz
î
ï:z
Z
y%ë
î
ûVéù
î
ïHzñ×û+ûÀé'ûÀé
î
zyŁûVú
î
ûöìévû_y{zCwë{wûVíÀí êíÀìú`û
î
zNù©%ú<íÀìëz
î
ì_uxz
î
ïHzyªhT
t
ûcuxw:y{z
bH|b
X
|
«
<i93)>a98;=7iGJ¬<BAC9DM3F­OGJIB<B5K;=98DML
üﬀïHzwúNìéëûÀùHzyŁû
î
ûÀìé}ëûöé
î
ïHzíÈûVë
î
ëzNú
î
ûÀìVé×ï*û`óxzwëïìYð¼é
î
ï*û
î
ûyûVùûvwëÐùHz
î
zyñ%ûÀéû
î
ûöìé¸÷Tê
®
V*
ìVõ
î
ïHzú<ìxy{zXòHwíÀëzë{zzNñvë,ò	ìëëûÀ÷ívz
|
¢zNé}úz
î
ï:z/ë
ûöñUwíÀû
î
ûöìé
î
zNú2ïéûÀ6wHzNëì_w
î
í#ûÀéHz<ù
ûÀévú2ï*ûVò
î
zy!ïûYó_z÷?zz<éwë{z<ù
î
ì!ë
î
wù}ê
î
ï:zwú<ìxy{yzNíÈû
î
ûÀìVév÷?z
î
ðzz<é
î
ïHz
Z
y%ë
î
ûÀé
î
zyŁûVú
î
ûÀìVé
yŁûEùûcwë¥¡¨XûVéù
?Łc
XûVéù
î
ïHzBûöé}niwHz<éúzìVõﬀóEû_yûÀìxw}ë/ùHz
î
zNú
î
ìxy/òHyìò?zy
î
ûvzNë¤TﬁûÀñvòHwHy
û
î
ê
úNìVéúz<é
î
yŁû
î
ûÀìé
ô
ûEéûÀë%ì
î
y%ìòZêìVõ
î
ï:z/ùHyûöõ
î
óxz<íÀìúû
î
ê
ô
ùHz
î
zNú
î
ìxy¢uxzNìñz
î
y%ê
X
ìé
î
ïûÀëúNìxyy{z\R
íÈû
î
ûÀìVé
|
¯
FJ865\FAK[B5Ð:S°FA865\]I@O7^Fs7AHLB+±6=M5_:\°FA8654±6;6=?7J5QS6UW86K?PO8KM7W=?HL@³²Q5%@$FJ8IHQ3¢´%5@A:Ia
dåkj}å ä
á
f æ l iÊæRè[lﬂh äk
á
â æQh¼è


t
ìxy
î
ïûÀëòHw:yò	ìë{z
î
ï:z2ûcy{yûVùûÀû
î
ûöìé ìVõwû)ë
ûöéHuívz
p
P
q
P
-

rsr
ñvìoùHw}íczøðûVë¸ë
ûöñUwíÀû
î
z<ù
ðjû
î
ïûò	ì)ûÀé
î
ROí"ûvN_z,ûÀëì
î
yìVòûÀúëìxw:yúzò	ìëû
î
ûöìéHz<ùhµ
|[Þ
úNñ û`ðû`êøõ=yìñ
î
ïHzúzNé
î
y{zìVõ
î
ï:z
ùHz
î
zNú
î
ìxyﬂõ=yìé
î
ûVí*òíÈûEéHz
|
t
ìxy§z`ûEú2ï
t¦§¦
î
ïHzúNì_y{zòHwíÀëzðûVëDú`ûVíöúwíÀû
î
z<ù×ûVé}ù
?Łc
\ðûVë
zS]
î
yŁûVú
î
zNùw}ë
ûÀé:uAûÀé
î
zyò	ìíÀû
î
ûöìé"ñz
î
ïìùë{¶
ô
õ=wHy
î
ïHzyñvìxy{zﬂ÷*ûVëûÀúu_zNìñz
î
y
ûÀúÐù*û
î
ûí#ûcN_z
î
ï:z
Z
y%ë
î
ûÀé
î
zyŁûEú
î
ûöìéOyŁûEùûcwë ¥/¨/T^úNìñvò*û_yzðjû
î
ï
î
ïHzYwòò?zy¼ò*ûEéHzNíìEõ
t
ûvuxwHyz
bH|

X
ûVéù
î
ï:z
ùûöë
î
ûEéúz÷?z
î
ðzz<é
î
ï:z
Z
yë
î
ûÀé
î
zyŁûVú
î
ûÀìVéûVéù
î
ï:zúzNé
î
y{zNí#ûÀéHzìEõ
î
ïHzúNì_y{zúNìVé
î
ûVú
î· ¸
¨
ô
ð¼ïûöú2ï¸ðzyzwé}ì
î
ùûvy{zNú
î
í êûVú<úzNë%ë
ûö÷íczz\]}ò?zyûÀñzNé
î
ûEíÀíöê
ô
ðzyzwù:zy
û óxz<ù¸õ=y%ìñ
î
ïHz{
¦
q
ü
ù*û
î
û
|
üﬀï:zﬀò*û(ûcy%ë T¹¥/¨
ô
?Łc

X
ûVé}ùFT
¸
¨
ô
?Łc

X
ðzyz
î
ïHz<é
Z
íÀícz<ù*ûÀé
î
ðDìROùûÀñzNéëûÀìéûVíoïûÀëR
î
ì_uxyŁûVñvëõ^ìxy¼ú<ìxy{yzNíÈû
î
ûÀìVéÊë
î
wùûcz<ë
|
îWZ
yë
î`ôZî
ïHzùHz<òaz<éùHzNé}úz,ìVõ
î
ïHz yûVùûÈûEíiy{zNë%ìícw
î
ûÀìVévìVé
î
ïHzóEû_yûÈû
î
ûÀìéìEõ
î
ï:zwùHyûöõ
î
ó_zNíÀìKR
úû
î
êùHwHz
î
ì¸óVûy%êDûÀéHuzNívzNú
î
y
ûöú
Z
zNíÀù}ëwï*ûEëw÷?zz<éÔë
î
wùûcz<ù
|
t
ì_y
î
ïûÀë¼òHw:yò	ìë{z
î
ïHzzNícz<ú
î
y
ûÀú
Z
z<íÀùëìVõ
î
ïHzíÀìYð+R$ûöñøò:wHy
û
î
êgûVéù
î
ïHzïûcuï*R:ûÀñvòHwHyû
î
êùHz
î
z<ú
î
ì_y!ïûVë÷azzNé
wëzNùõ^ìxy
î
ï:z
òHwíöë{zXú`ûVíöúwíÀû
î
ûöìéëûVéù
î
ïHz*ûöëì
î
yìòûÀú
Zî
ïûVë÷?zz<éhwë{z<ùÔõ^ìxy
î
ïHzzNícz<ú
î
yìéÔù:y
ûöõ
î
ó_zNíÀìKR
úû
î
ê
|i
ë
î
ïHz
¸
¨R
aŁv
R+úNì_y{y{z<íÈû
î
ûÀìé×òíÀì
î
ëﬀõ^ìxy
î
ïHz
î
ðDìøùHz
î
z<ú
î
ì_yë
ô
ð¼ïûöú2ïzû_yz"ëïìYð¼é ûöé
ò*ûVé:zNíEûEéù×ò*ûEéHzNíafìVõ
t
ûvuxwHyz
bH|

ô
ùûÀëò}íÈû`ê¸ûóxzyê
Z
éHz
ô
í#ûÀéHzNû_y
ô
ûEíÀñvìë
î
ûöùHzNé
î
ûöú`ûVí}úNìxyR
y{z<íÈû
î
ûÀìé/í"ûÀé:z
ô
ìVéHzﬀú`ûVév÷?z¼ûVëëwHy{z<ù
î
ï*û
î
ûÀéu_zNéHzyŁûVí
î
ïHz
Z
yë
î
ûVéù
î
ïHz¼ñøû(ûÀé§ûÀé
î
zyŁûVú
î
ûÀìVé
û_yzXíöìoúNû
î
z<ù±ú<íÀìëz
î
ìxuxz
î
ïHzyûVé}ù
î
ïû
îwî
ïHz!ùHy
û õ
î
ó_zNíöìoúû
î
êùì)zNëwï*û_y%ùíöêù:zNò?zNéùÔìVé
î
ï:z
zNívzNú
î
y
ûöú
Z
zNíöù8ûÀé
î
ïHz"ùHz
î
z<ú
î
ì_y
|
üﬀïHz/wë{z!ìVõûVéº©û`óxzyŁû_uxzªøù:z
î
z<ú
î
ìxy9ûöëóEûVí"ûöù*û
î
z<ù
|
V
w÷}ë{zN6wHz<é
î
íöê
î
ïHzùHz<òaz<éùHzNé}úz ìEõ
î
ïHzOyŁûEùûÈûVíy{z<ëìívw
î
ûöìéxìé
î
ï:zûVéûÀë%ì
î
y%ìòZêxìVõ
î
ï:z
zNívzNú
î
yìVéÔùHy
û õ
î
óxzNíöìoúû
î
êgï*ûVëw÷azzNéUûöéTó_zNë
î
ûcuû
î
z<ù
|
t
ìxy
î
ïûÀëòHwHyò	ìëz
î
ï:z
©û`óxzyŁû_uxzªÊùHz\R
î
z<ú
î
ìxy_ï*ûVë_÷?zz<éw}ë{zNù¸õ^ìxy
î
ïHzﬀòHwíöë{zﬀúNûVíÀúwíÈû
î
ûÀìé}ë\ûVéù
î
ïHz
¸
¨R
?Łc
R+ú<ìxy{yzNíÀû
î
ûöìéëïûYó_z
÷?zzNé úNìñvò*û_yzNù õ^ì_y/ûgë
ûÀñwíÈû
î
ûÀìé)ðjû
î
ïxûEéù ðjû
î
ïìxw
î
ûVéxûVéûÀë%ì
î
y%ìòûöúz<ícz<ú
î
y%ìé ù:y
ûöõ
î
óxz<íÀìúû
î
ê
|
üﬀï:zúNìxyy{zNíÀû
î
ûöìé×í#ûÀéHzõ^ìxy
î
ïHz©ûÀë%ì
î
y%ìòûöú
Zî»
òûVéHzNíQ
»
ûÀëMûÀùHz<é
î
ûÀúNûVíÙðjû
î
ï
î
ï:z
ìéHz<ë©ûÀéÔòûVéHzNí¸ûVéù¼f
ô
ûVëﬂz\]}ò?zNú
î
z<ù¾½
î
ïHz/úNìxyy{zNíÀû
î
ûöìézò}íÀì
î
õ^ìxy
î
ïHz¸ûVéûöëì
î
yìòûöú
Z}î¢»
ò*ûVé:zNí
b2»
z\]oïûÀ÷û
î
ëwûøú<ìéë
ûöùHzyûV÷ívzX÷Hy%ìZûVùHz<éûÀé:uøõ^ìxy¼íÈûy{uxz
¸
¨ûVéù
aŁv
óVûEícwHz<ë
|
é:z
î
ï:zy{zQõ^ìxy{zï*ûVë
î
ì¡z\]oòaz<ú
îî
ï*û
î_î
ïHzûEéûÀë%ì
î
y%ìòZêìVõ
î
ïHz zNívzNú
î
yìVéøùHyûöõ
î
ó_zNíÀìúû
î
êðjûÀíöí}í#ûÀñ%û
î
î
ï:z¡yûVùûÀûVíQyzNëìVícw
î
ûÀìéìVõ
î
ïHz
p
P
q
P¿
ﬂÀEÀ
ñvìùHwícz<ë
|
t
ûöé*ûVíÀí ê
î
ïHz4ûöé:ÁiwHz<éúzﬀìEõ
î
ïHz©%òíÀûVé*û_yªò*û_y
î
ìVõ
î
ïHzCÂePÃ¢P¿
[ÀMÀ
ñøìùHwívzìé
î
ïHzyŁûVùûÈûVí
y{z<ëìívw
î
ûöìéï*ûVë÷azzNé±ùHz
î
zyñ%ûÀé:zNù
|
t
ìxy
î
ïûöë¼òHwHyò	ìëz
î
ïHzh©%ûYó_zyû_uxzªøùHz
î
zNú
î
ìxywûVéùzûVé
ÄÅ¾Æ8Ç
±8È8ÉËÊ
Ç
ÊJÌ³ÍSÎJÌÐÏ¾ÍSÊ¾ÑÒÌ³ÍSÓkÔ
Ç{Õ
°Î³ÑSÖºÍÉ×Ó×Ô
Ç
ÍSÎ
ÇØ
Ì¹ÎÍ\±_ÑSÉËÍ`Ì¹Ó×ÑSÔCÌ¹Ñ ÙÑ\°*Ì
Æ8ÇÚ
Î³ÊJÌ¾Ì=ÏaÑ+Û
Æ
Í\Î³²
Ç
±8È8ÉËÊ
Ç
Ê³Í\Ö+±8É
Ç
ÊaÏÐÓÜÌ
Æ
Í§Ý`ÍSÉkÈ
ÇÞ
Ù8ßÌ
Æ8Ç'Ç
É
Ç
ÛÌ¹Î³ÑSÔCÍSÎ¹Î³ÓkÝ`ÍSÉ8Ì¹Ó×Ö
Ç
Ï¾ÍSÊ?ÑSÒÌÍ\Ó×Ô
ÇÕ
°Î¹ÑÖ#ÍWàÈKÍ
Õ
Î³Í\Ì¹ÓËÛÐÓkÔÌ
Ç
Î³±ÑÉ×Í\Ì¹Ó×ÑSÔ
Ñ\°:Ì
ÆKÇ§Õ
Ó×Ê³ÛÎ
Ç
Ì
Ç
Ê
Ç
ÛÑSÔ
Õ¢ÕÇ
Î¹Ó×Ý`Í`Ì³ÓkÝ
Ç
ÛÈ8Î¹Ý
Ç
ÓkÔ[Ì
ÆKÇ
ÖÓ×Ô8Ó×ÖWÈ8Öﬂá
âãÔ¢ÛÑSÔÌ¹ÎÍSÊJÌ?Ì³Ñä4åß^Ï
Æ
ÓËÛ
Æ¢Õ
Ñ
Ç
ÊaÔ8ÑSÌQÊ³ÛÍ\É
Ç
É×Ó×Ô
Ç
ÍSÎ¹É×æ+ÏÐÓÜÌ
Æ
Ì
ÆKÇ'Ç
É
Ç
ÛÌ¹Î³ÑSÔ
Õ
Î¹Ók°çÌ¾±KÍ`Ì
Æ
°ÑSÎ¾è+éMê\ÙWÖ+Ö[ß
ë
å
Í\É×ÏQÍæÊQÊ¹ÛÍ\É
Ç
Ê¾É×ÓkÔ
Ç
Í\Î³É×æ ÏÐÓÜÌ
Æ
Ì
Æ8Ç
É
Ç
Ô8²SÌ
Æ
Ñ\°:Ì
Æ8Ç§Õ
Î¹Ók°çÌE±KÍ`Ì
Æ
Ñ\°)Ì
Æ8Ç4Ç
É
Ç
ÛÌ¹Î³ÑSÔKÊ
Þµ
ß\àáﬂì
â4ãÐäîí åeï ãâ4ã
ß
âð¼äòñ æóõô ç
á
â æ ð è ñ
2 cm
D1R1
Z1
Source
0
1
2
3
4
0
ö
100 200 300 400
0
1
2
3
4
0 100 200 300
÷
400
0
1
2
3
4
0
ö
100 200 300 400
0
1
2
3
4
0 100 200 300
÷
400
0
1
2
3
4
0ö 100ø 200 300 4000
1
2
3
4
0 100ø 200ù 300÷ 400
d-tslopeú
D
1 
[ c
m
 ]
(1)
E
g
û =700 keV
small impurity concentration
d-tslopeú
(2)
D
1[ 
cm
 ]
large impurity concentration
d-tslopeú
D
1 
[ c
m
 ]
(3)
without anisotropy
d-tslopeú
(4)
D
1[ 
cm
 ]
with anisotropy
d-tslopeú
D
1[ 
cm
 ]
(5)
distance to contact
r-tslope
(6)
R
1[ 
cm
 ]
radius
Tslope [ ns ]
t
ûvuxwHy{zü
|

}
~*ý`þ8ß _+ý	
 8ý  ýﬀﬁ
¥¡¨
8ßhaŁvﬃﬂ 8ß!"ýﬀﬁ#
¸
¨
8ß
?Łcﬃﬂﬀ/ß  $%#&ýßý'ý')((#cý  +*,
ý	
!( Sý`þ&.-0/
128ß3-541ý	

¸
¨
³aŁvﬃﬂ
6& 8ý  7  ﬃ
89ﬀ:7 #Y
 ý;#<"=_?>"@AACBD8ßEF HG(þ6  ý6IJ
ý	Ký LM_
@ONP/QA"R#GSUT: 8ß¡ﬀVW X

 ý;
<?_%YAAAZB! 8ß[W\ ]
8^K8ß X 6  _`&LG3abN9/8A"RGcSUT
ý'd4"AbN9/8A"RGcSUTc&ﬃ(ý  
 Ie-' ;_ý	&L( f	 HG¡þý L1*,d(  ý`þd-5>1ý	

¸
¨
³aŁvﬃﬂ
6& 8ý  f   ß ﬃ(IßﬀZ  ;_ý	( gﬃ ]Gþ 8ý  ._Cý	
3h`8
#K
<i ßý'ý'9*ý 
LG[(#ßC9  ý	ý	
=_GZ)6& 8ý  gþýjJ ;_ý	( =	 HG¡þý F-_(#
kY 1l*m2ý	

<& (
=-6@ 1+ 8ßn-5o1[ý	

¸
¨
³aŁvﬃﬂ`6& 8ý  M8ß ý	

¥¡¨
³aŁvpﬂ5 8ý  MG 
(#ßﬀEý	
h`
K
<pißSý'Sý' q-;  _ý	&(  	 HG¡þý L1
íUr j rgs9t ïjuKô ñ u'v[l ð?s ó tZw u ð v x

ûy_z"{y_z|û~}
Z
{z"{:zCzcz}{y_z)Hy
ûK{lxzzU}û{`WŁ8_z?zzwy{zﬀzxy{0HzP|Hwkyz?}8"~}wk{û~zky
"k{Hz
¸
¨R
aŁvpﬂ
R5}zxyy{z&{
ûzFT|ŁHz

z"
t
ûvuxwHyz[ü
|

X
k"y:?zzM}z|Ł_yzJjû~{02{:z
¥¡¨R
aŁvpﬂ
R5}zxyy{z&{
ûzhT|Ł":z
x
X
|H
y
¸
¨zS]L}zzky[¥¡¨ﬀzxyz_z{y,ûJ{0Hz ©_|k"Ł_yª|Ł_y;{
z"{Hz[Â PÃ¢P¿
ﬂÀEÀ
zUHwkvzP"kJy
¸
¨ﬁ}zxy{yz{zyq#ûHz_y0Wjû~{0
?Łcﬃﬂp
{Hz¢¥¡¨R
aŁvﬃﬂ
R
}z_y{y{z&{
ûz7|kz"{jy0kzQPyc{Hz=y_Ł_y0|}zxy{yz&#{ûz"E"û~Hzz"z_z{y&ûE{0Hz¼©_}zK]>û&"vªJ|Ł_y;{
z"O{0HzjHzp{z}p{zxyPkMy0z8y{zMz_w{2©_y_Ł"kzQ ª){+y{z:wk}zey0"û#û

Pû~}	g}zxy{yzy_|zky
{zz_z{yAûC{HzF©_|k"Ł_yª|Ły_{9z"{0HzzUHwkvz
|i
y
¸
¨z\]}zzkyY¥¡¨LûC{HzF©_|k"Ł_yª
|Ł_y;{?z"^{:z¡Â PÃ¢P¿
[ÀEÀ
zLHwcz

{:zYy"û"?y{zy_zcwL{ûz"2jû~%"~y0z=?zj"û~0û{zﬀzxyq{û~y
uxzzzp{yû}ﬂyz8"y_z
|
P5{Ł"yazzy0kzQP2{0Ł{q¡u"zLzU)}zxyy{z{û~z=?z{`zz¥¡¨"
?Łcﬃﬂ
û~yz"{	(û~Hz
|
Hz
z}	Ł"ûy0y

Pû~}	"û~0û{{Hz y"û&"yzy0z"cw{
ûzz"+{:z7y_{ zz|azy_{R5y0~z|az7"cu"zxy
û{k

Ł8xz?zzgHzHwk}z¾}


Hzy0|Ł#{û&ﬁûy;{	"k}z2?z{`zz!{Hz
Z
y0y;{="n{:z(ûû{ zy}{û~z

Pû~}	Ïû~y
E=wkkk"z{	"|:y0zkvzz"":"cuz_y
û~{0kyyz~Dû~Hu.z{HzC(ûÏû{zy"}p{ûz"
}zk}z|{
|


Hz"ûy0z{y0z"| Jz"{0Hz/zvz}{ y0zCHyû~K{

Pû}	HûyP){zy
û&|Hy_z|?zy_{`
|


Hz=û~azy{zk}z=?z{`zzn{0Hz=Hy
ûK{j|Ł#{czHu"{
¸
¨"{0Hzyûcwkyﬂ¥¡¨9ûE{:z
©_|&"Ły{ªJ|Ły_{cz"{:z ÂePÃ¢P¿
[ÀMÀ
zUHwkvz

Pû}	~ûyYyz{zE{zM{Hz=:z{z}{0zxy
uxzzz{y;
|
ÃzQ{Hz/y{zy{wk{y?=y0z"{:zyûUw&{
ûzky:Ł8xzc{z)az+_zy
û
Z
zHû¤z\]|?zyûz{
|
 
7Ł¡M;=7iG
 
3)¬<?G¢E9;J<?>¤£³<?5
«
365K143)>¥¡';¦¢MGJ7H5§p¨#¨
©Ł¡¥ªﬀ©«
ªﬀ¬­
®
dzxy_Hzy{zn{ zy;{J{Hz7y_{zz|?zy;{_¯`y_z|?z."vuzxyû~{°"õzﬃ±L|azy
ûz{"9_zyû~²Ł}{û~z³:"y
y{z´6wûcyz
|%µ
zp{ﬀz_y+y{wk}	fgz8"ywHy{zz{{0Hz)|Hy0z"kcz¶z""
wkkHzp{zy_0û~Hz²iy_y_{&ûL¯
{zy"}p{û~zfHz|{¸·¨y;{û~Ł"f{0zE?z2zQxzy0}z"z
|
®
{W:"yW{0HzyzﬀzxyzBû|Vzy0yûkvz{zhwkyz
M|z(û{cy0zxw:y0}z)jû~{0¹"~ûy0z{y0z"|û}*ûvy{y0"û&#{ûz"

yc{0Hz=²iy0y;{&û{zy"}p{ûz"£y"ûvwkyj{:z
y0}"czEjû~{0E{Hz²iy_y_{;¯$û{ zy}{û~zEHz|{
|^º
zQzpxzy

{:z=|Hy0zcz»}z_wk.?z=8z)û~Hz

PHz2{HzHz{ z}p{zxy=y0z{	V|&"HzP:"y:|?zy_|azkû}wk&y0~'ûvy{y0"û&#{z=jû{J}z~"û~2{ z
y0z_wHy0}z

"yl}")az:y{zz0û~
t
ûcu_wHy{zü
|]¼*|
®
={û~yl}8y{z{:z?}z~"û{0zxyO|z"y
û~{
ûz

{0Hz½Ł¯y8
z{ y_¤yûcwky ¥¾

"kC{Hz+²iy_y_{,û{ zy}{û~zOyûcwkyC¥¡¨qzy{z&û:z{û~}8"
|
®

t
ûcuxw:y{z+ü
|\¼
j{`:z¯:û{zy"}p{û~z2zxz{;û~yﬁy0kzQP

Pû~}	:zzky_{ y{ zyﬁ{:zCu_zzz{ y
û}
x¿ ÀlÁ t
ì
wÂsîíUr ï ÂZwÂ À wðPsòñ uóõôÃ tZw u ð v ñ
2 cm
Z1
Source D1R1R0
D2=R2Collimator
t
ûvuxwHy{zü
|\¼
}¥Ä
]Å HGZ8ý'ßE H&Kß 8ý  _q	 H
< MÆM*,Ç*È¾?ÉÉCGZ)ßHþ _a ýl0 ]ý'&#Sý 

#ýP  ý	Yý	
PÊý ]ý'&#Sý  ]ﬂý	
(  ##b8ßý	
9_8ß2 ]ý'K
ý   H¢ý	
Z8Ë   
(#vý_Mý	
/ßý'Sý'  ?p
89)
21 mm
0 0
800
400
250 375125
800
400
125 250 375
Time [ns]
9 mm
12 mm
15 mm
18 mm
24 mm
30 mm
27 mm
t
ûvuxwHy{z¡ü
|
µ:}^Ì
 Hý+ ]ý'K
ý  CK8ß Ëþ
c&_kþý _ ý	
ý'("ý`ﬃ ("=  <6  ý	G ﬀﬁ
½
&I_o"o47Í	BbÎ9
=]Å HGZ8ý'þ
;ßn#
+F"8GZﬃ(ý[ß  Gý'#_?Ïc4HX@.G[G%ÎP

 H

 ß#ýW GÐ###7("("8ß  þ#4ý'¤ý	
2ßSý'ý'§`&Lý[(  
_%Î9
J(#& G(\  Ê#
(þ ;ﬁ#
?#?_ G( ßP  ý	+ý	
ÑP* 7 Sý	&  G*ßHþ ^8ß¢ý	
ý'(ý5p (Wý HG
#
9"	ËKý	K
ý'ßOþ
	 H
<2 ]ý'("ý L=GZSý	
*ßLÎP
¢ý ]GZﬂß  ý	 Hþý  
ZG8
Sþßﬀ
ÊV&ýW Hý'#K
ý L7K8ß ] VﬃGZ \ Wý	#JÒ.G[GÓ&Gc  ýý'ß7#ﬂý	
pIF##ßk I ß  $§`&LG ý	

ß ý	6 ]þý Wý:ÒG[GÔ8ß)ý/842G[GLÎP
ﬂß ý;#
[¡ý; ÍW 8ß)#×þ#ý'ß)ý§ý	

Õ
  
#&	  ýpÖý?×KþØ:Ö]2ÙÅÚ
  Û
íUr\Ürgs9t ïjuKô ñ u'vZÝ ð?s ó tZw u ð v x

z}	Ł"ûy0y

Pû}	¤jû~?}_wky{zFHy0zHzû~Hu¹z"Z{0Hz y0"û"y{zy0zvw{û~z

PHz³{:z
y_{ zz|azy_{_¯5y0~z|az"vuzxyû~{ û~ywky{zûMywk}	."8ûvy{yû&{
ûzuxzz"zp{y_?}

y_y{wk%û:u!{Ł{2{HzE²iy_y_{8û~ { zy0"}{
ûzû~y2{:z.2(û~ û~ { zy0"}{
ûz

{Hz£y0"ûvwkyJz"c{:z
²iy_y_{"kC(û2û~ { zy0"}{
ûzC_yz.ûHz {
û}"Þ¹¥/¨_ßY¥à^á5âãQä

xzp{
Våcﬃﬂ
z"y{wHyzy?{:z:y
û~K{
|Ł{0z"q{0Hzzvz}p{y0z"ky

Pû~}	y0}8czy+jû{E{:zûy_{"k}z=z"q{0Hz=(û û~{zy0"}{
ûzE{0z
{:zAûHzy'¯`}z" {"}{:}z { y{z"û:zæcÞ
¸
à^á5âã8ß
¸
¨_ä
|)
y:{0Hz²Hy0y_{;û{zy"}p{û~z2Ł|k|azky;û~2{:z
©_|k"Ł_yW|Ł_y_{ ªnz{0HzCHz{ z}{0zxy

¸
¨§ûy=&y{uxzyW{Ł@¥¡¨

y_z¹{0Ł{={0Hz¤y"ûvwky'û{:z
©_|k"Ł_yª|k_y_{9ûy9zQxzyzy;{û{ z
|V
HzW|:y0zkvz û~yzy_{|Hy_zkzxwk}zFﬀzxyy_2Ðyû"û
"kny0"ﬁ(û~ùû~ { zy0"}{
ûz¹Hz|L{ky=kf}z8"yzyW{0zFzp±>û~y_{

"y{Hz2+ûû{zy"}p{ûz"
Hz|{ey{z"}	Hzy
¿
}
|

y_y{wk%û:uJ{Ł{+{0Hz=y{z}zùû~ { zy0"}{
ûzUû~yZ{Hz=(û~Uû{zy"}p{ûz"

{0Hz2y"ûcwkyjû~azy;¯
z}zy_{zyP=y0z"Ð{Hzcy_|Ł{û"bû~y_{"k}z?z{`zzF{Hz+²iy_y_{Z"kC{Hz2+û2û{ zy}{û~z
|
º
zQz_zy

{0Hzc2(û~Bû{ zy}{û~zMzU}}w:y0y4ûJ{0Hzc}z
±û"%|k_y_{Pz"^{0Hz+Hz{ z}p{zxy

y0z={Ł#{
¸=ç
k@¥
ç
_yzOz´6wŁ"
|º
zy{zM{HzCHy_z"Hzû:u¹z{0Hz¤y"û"+yzy0z"cw{
ûz zﬃ±}cwkyû~_z~
y_{ zy?=y0zè{Hzcû~y_{	k}zc?z{`zzF{Hz+²iy_y_{"kC{Hzc(û2û~{zy0"}{
ûz
|

qzzxy{z{`L|?zyPz"
t¦§¦
yy{z2+û¾}
t
z_y+z_z{y

P:zy{z+{0Hzj²iy0y;{9"kM{:z+2(û~Bû{ zy;¯
"}p{ûz"}z)ûk}ûHz"kŁ"|k|?z0û{Hz9}z
±û"|Ł_y;{qzb{HzHz{ z}p{zxy

{0Hzy;{zz|?zy_{;¯`y_z|?z
"vuzxy
û{k u)û~_zyqz|{û~Uwkîyzy{w~{y
|
®
}z{ y"y;{

ﬀz_ywk~{
û|kvzp¯`y_}8{_{zy
û:u
t ¦W¦?
PHzyz
{:zJ2+ûÏû~{zy0"}{
ûzùûy[kz"{W{0Hz2²iy_y_{Rû~{zy0"}{
ûzf"k!Pû~}	Ł8xzJ{0Hzûvy[(ûùûL¯
{zy"}p{û~z8ûC{Hzc|k"Ł_y?|Ły_{9z"{0HzHz{ z}{0zxy

z~M)zLHzy{ z/y"û"Qyzy_zcw{
ûz8û~y
z{(û:z
|

Hz)zy_{Yyz}z{z"y{wHyzz{ycz"{0Hzy"û&"'y{zy_zcwL{ûz"hwky
û~HuM{Hz=y;{zz|?zy_{;¯`y_z|?z
"vuzxy
û{kÔŁ8_zcy{z"Wazz)|azy_ﬀzxy_z=jû~{{0HzPHzé
®

¯`zL:wkczcê ë zû~ì

kzQz_zy
kz"{ﬁ_z{_û~y{z8{û~z

"yl{0HzP"cu"zxy
û{kyy{z?kz"{xz{û~|kvzz{z=z{:zPícî
®
z"V{:z
é
®

}8_y_ky=Þﬁû
|
z
|
=wkO:z{z}{0zxyj|Hwk~y{zyzy{zy{z8Ezxw{j"k."k"~Uïz7z"¯`#ûHz8ä
|
®

t
ûcu¯
wHyzCü
|
µj{0Hz?{ûzp¯{z¯5y_{ zz|?zy;{_¯5y0z"|azûy_{ y
û~Hw{û~zkyﬁy{zPy0kzQP)ﬀzxycy{z{z"=ûcyy"û&{
ûz
yû"ûjû{ngûy_{"k}zzCð?z{`zz!Hzûcu VzxwHy
û~Hu8ûcyy"û{û~zE|Vz)û{0y
|^ñ
k
|VzLzxyy"û&"By{zy0zvw{û~zBû~y"}	ûvz_zMﬀzxyy_2"~ßûcy{y0"û{û~zy0"û#ûV?z~zQ 
¿


"y:{:z
}	Ł_yuxzy_û~=y0z{ﬁz"{0Hz?Hy
û~vz}zxy{z?kz"cz(û~Hy
ûK{û~=ïp¯`ûcy{z}{
ûz
|
t
zxy_y{uxzyyû"û
" z´6wŁ"¹y0|Ł"}z¸y{z|Ł_y0{û~zGûy[zkyzy__z¾½{Hzy0"ûvwkyWy_}8"vzy#ûHz_y0Ejû~{0
åvﬃﬂ
|

~{
ûzWû~y_{yûHwL{ûz"kyﬂzp±Lû~û~{+J&_yuxzW{	+û^{zMz"HuxzyZy_{zz|?zy;{_¯`y_z|?z={û~zy

}zxy{yzy'¯
ò_ó
Ê'Ô8ÑCÓ×ÔÌ
Ç
Î³ÍÛÌ¹Ó×ÑSÔÊEÛÍSÔﬂÌ³Íﬃô
Ç
±8ÉËÍSÛ
Ç
ÓkÔÊJÓ
ÕÇ
Ì
Æ8Ç
ÛÑSÎ
Ç§Æ
ÑÉ
Ç
ÑS°iÌ
Æ8ÇÕÇ
Ì
Ç
ÛÌ¹ÑSÎ{ßÍ
Õ
Î¹Ók°çÌMÌ³ÓkÖ
Ç
Ñ\°?ÙÔKÊ
ÛÑÎ¹Î
Ç
Ê¹±_ÑSÔ
Õ
ÊaÌ³Ñ+Í
ë
Ñ\°õÖ+Ö[á
xü
ÀlÁ t
ì
wÂsîíUr ï ÂZwÂ À wðPsòñ uóõôÃ tZw u ð v ñ
R1Source R0
Z1
refZ
Rref
t
ûvuxwHy{zeü
|
xx}9ö
8ß Ëþ

_	 <Gýﬀj<U  
ﬀ#&
hß(ý	)Î9
gÊýJ ]ý'&#Sý 
("ﬃ  ý YßSý'6G ]
ý	
¢ß H&ý  c_
½
&I+#G  _	 )V*¾ý	
ÊV&ý Hý'#K
ý L/ß(ý	
·¨
 
þÍ#
Q96ý	
c&ﬀ#&#
cK8ß Ëþ

¥÷
ﬂKøﬁ#
ý')9#;	 <
ßý'W<L  
#W&Sﬀ
¢ß(ý	
·÷
ﬂKø
ÎP
(  
 9 #cﬃ(8ßWý'ý	
Z<U  
W&ﬀ#&#
Yß(ý	  ßk&p9#/ß #ﬃ^ßýý'ß
\ ]
x
|Vzkû~Hu+{z¡zxz{y

PHzy{z{0HzP2+û'û{zy"}p{û~zRûyzU}8#{z'û~{0HzP|k&"k_yﬁ|Ł_y;{qz%{:z
Hzp{z}p{zxy
|
t
zxyjJ|?zy_|azkû~}wk_y5ûcyy"û&{
ûzFy"û&"My{zy0zvw{û~zEz""Vzxw{
x[ù


Þ
t
ë
º
ÂEäŁ"yP?zzFz8"ywHy{zgﬀz_yy"û#ûO"VzQxz2
¿

|

Hz+=z8y
ûû"û{`z"{0Hz+y_{ zz|azy_{_¯5y0~z|az["vuzxy
û{kúŁy?azzgHzzky;{y#{zHûMyûUw&#¯
{û~z!kzﬃ±|?zyûz{
|¥
HzMcuzxyû~{0k u)ûxzyxzy_ uzLzU¼y{zywk~{0y

zp±L}z|{Rû¹=y0z{[z"
{:zHyû~cz.}zxy{z)kz"cz=z"q{HzHz{ z}p{zxy

Pû}	¹}zxyy{zy_|z"kky[{0zgC_zy_¹y_2"~l|Ł_y;{cz"
{:z?Hz{ z}{0zxy
|
t
zxy&_yuxzyy0"û#û
Våcﬃﬂ
y_}8"vzy"~zy;{l#ûHz_y0jû{{0Hz?²iy0y;{_û{zy"}p{ûz"
yûcwky ¥/¨?"~zQjû:u="ez8"y;¤zp±U{y0"}{
ûzCz"¥{Hz/y0"ûcwy
|
ûjü'ýPü;ý þDß _ß2þ
		 ﬁﬀﬃﬂﬂ ! #"$%&'()*
+-,/.
 
.
£
.
¨
.
­¦
.102.3
«
,
4
{5^kzQ

{0
6-70"
5&!76y_z98{5zFŁ"yzk~C:6;6.
5y_};8ky_y6Eﬀz<7{0
6[²7_y_{=5{>6?7"}p{>5z"
7
598kyA@CBED
®
Â
®
Ã
®
¿GF
ÀEÀ

kzQ6H6;7

{
6P²70y;{G5~{>6;70"}{5zI70"
598y5~yz"{y8KJ};5L6{:{0z

6p{>6;7_M5~
6ﬁ{
6q
5976}p{>5z"zP½Ł¯N78

"y^{
6|kkz{zkyH76qkz{O5~k};5~
6{¥|P6?70|:6kK5};8&H7_~
zc{
6
6p{>6}{zH7"{0
6ﬁ²70y;{5~{>6;70"}{5zc
6|{W·QBb}"kkz{:6"}}?6y_y6&DHRŁz<7O{zPzL{	H5~
".|k|
70z8±S5{6½Ł¯T708FK5976}{5z7"."y_y8k|{>5~zEz<8L{{0
6W²7_y_{5~{>6;70"}{5zF
6|L{
·QBﬁk"yq{0z[:6"
69"JU76V6?76};6ZK6|{0M·÷
ﬂKø
Łyq{z:6Z"y_y5LW
6EÞy6;6R59W<8
76 ü
DLXHX
äED
®
!z<7_
6;7c{z7
6{6;70Y5K6{0
670"
5&Z76y_z98L{>5z"[5~n{K62y5~\8k{>5~z.ﬀz<7W]5977"K5&{5z
W<6zM6p{>7;F^5{J|Vz<5{_¯595L_H6Wy_z<8
7_};6

J
67"
5L8kyj}"L67{0
6$76pV6;76k};6I70"
598y#@÷
ﬂKø
íUr\Ürgs9t ïjuKô ñ u'vZÝ ð?s ó tZw u ð v xa`
Ł"y{z:6b5~ {70zU
8k}?6
R
D


5~y76V6?76};6=70"
5L8kyc5yﬁ{
6d7
598ky}zLz<7_
5k{>6Pz"{
69|zH5{

P
6?76F{0
6g95K6gK6²Ł
6d¸{
6g½¯N78
5L76}{>5~ze5{>6?70y6}{0y{K6E·÷
ﬂKø
¯`|&"
6

5fDg6HDﬁ{K6
²7_y_{5~{>6;70"}{5zg|Vzy5{>5z"h5~yy_
5~K{67"zKW{0
6[½Ł¯T708C
5976}{5z

8k{>5/5{=768"}	
6yZ{K6
"y_y59W"
6g
6|L{iD
®
k{0
6*@÷
ﬂKø
¯fj
åLkmlTnﬃﬂ
¯`}zH776&{5z5~ykzQ¸y;{>8k
5L6U5ky;{>68Wz"k{0
6*@B5¯Nj
å9kmlTnﬃﬂ
¯`}z<776&#{>5z"

{K6
{K6M70"
5&)76y0zL8{>5~zz":{0
6y;{>6?6|:6y_{;¯`y_z|:629Wz<75~{0k»ﬀzH7[M²±S6[76pV6;76k};6
6|L{
}87:6[zL{	H5~
6iDF{9{K5y9|z<5~{9{0
6}zk}?6|{Zz"{0
6C76V6?76k};6[
6|{0.·÷
ﬂKø
Y59W{Pkz{
y6?6 <6?7_h8ky6V8k

kzQG6p<6;7

"yP^5~b:6[y_kzQPE&{6;7

zkM7y0y5LW
5~
W"|k|
7_z|
75{>6
"98K6yj{zg·÷
ﬂﬀø
oW"zLzU.}z<776&{5z.:6{`6;6p@÷
ﬂﬀø
"kqj
åLkmlTnﬃﬂ
}8¹:6I76p{	H5~
6
B¾
D


6
}z"k};6|{¥z"L{0
6c76pV6;76k};6
6|{c^5~"kzQ!:6"|k|9596+{zPy5~\8k&#{>6{0
6c7"K5&"Q76y_z98L{>5z"
z"Fy5~
WL6Â
®
Ã
®
¿GF
ÀEÀ
zU
8k96)kfz"q{
6"L59W
6 Â
®
Ã
®
¿GF
ÀEÀsr
¯ut:98y_{>6?7+ﬀz<7"
5977"K5&{5zMW<6zY6{7_J^5{g=|zH5{_¯5959_Q65y_z"{>7_z|
5~}jy0z<8K70};6QD
 
©Ł¡¥ªﬀ©v
 
.w
¬:v¢^«Qª¬V­³ª­³©yxOª­/zPv
.|{
§?}F§?~$2A
{
¬O¡¢!v
.


6I7
5&"76y0zL8{>5~z.z":Cy5
W"962Â
®
Ã
®
¿GF
ÀEÀ
zLK8k96k"y+P6?6¹y5~\8k&#{>6EﬀzH7c"
5y_z"{>7_z|
5~}5977"
5{>5~zf^5{.
5y;{	"k}?6Cz"-XKD
x
} {z{
6Cy_z<8
70}?6HD


6gy0zH8
70}?6FŁy
:6;6¸959W"
6¹^5~{y76y_|P6}{{0zE{
6JzU
8k96};6{>7695~
6.Þﬀ96K{W|Ł"
6G5~yRO59WH8
76ü
DLX
¿
äED

qzh76V6?76};6=
6|{kycŁ8H6=P6?6.y696}{>6iD
®
 RO5LW<8
76ü
DX
r
|Ł"K6GX{0
6$@÷
ﬂKø
¯fj
åLkmlTnﬃﬂ
¯
}zH776&{5zo5~yy_kzQP7ﬀz<79·ß#J"yP{
6C76pV6;76k}?6
6|L{¸ÞK{
6
6{6}p{z<79V70z{	O|k&"K6Qä

5|Ł"K6
r
{0
69M6"²
70y_{A5~ {6;70"}{5z
6|L{6·QBk"yq:6;62y696}{6M"y{K6d76V6?76};6

6|{iD+¿:z"{}z<776{>5~zd|k~z"{yM6p±L
5K5~{C!}968Q7J}z<776&{5ziD


6?76pﬀz<76E{0
67"K5&"
76y0zL8{>5~z

PK5}	³}"³:6gz{	Q5
6^5{¸{
6gy_{6;6|:6y;{_¯5y0z"|P6F"9W"z<75{k

zS6ykz{

6|P6kzE{
6$76V6?76};6)
6|L{.ﬀz<7Z{0
5yb59770"
5{>5~z|WH6zY6{7_<D


6I8k
_ kzQP.²70y;{
5{6;7}{>5~z
6|{02Ły:"
6}zky5
6?7"~={zc{K69^5~{z"%{0
6}z<776{>5~z)95K6H{K6
95~
62k"yW{>70"ky;ﬀz<70Y6y5~ {0z.EŁ"iD)F L5
6H7[²k{Ł"y:6;6¤|k|k95L6f{0zE{
5~y|k~z"{\5~
z<7_
6;7?{z)zL{	H5~C}z<776&#{>5z"2V8kk}p{>5z"gﬀz<7{0
67"K598ky

76y8k{>5KW$5
@)ÞVj
å9kmlTnﬃﬂ
äßﬃKŁ<
¼"¼
¿
}
kyq
j
å9kmlTnﬃﬂ/
KŁLX<9}|Ł
ë5~{02{K6jH5~2z"O{0
5yq}z<776{>5~z)V8kk}{5z{
670"
5"76y_z98L{>5z"2Ł"yqP6?6MzL{	H5~
6iD


6{5Y6W^5{0q\j Ły+P6?6.{	H_Q6ﬀz<7+J}zky_{"{7"K598ky

{
6.{
6$70"
5&76y0z#¯
Å¾Æ8Ç
ÛÑÔKÛ
Ç
Ì ÑEaÍ¢Î
Ç

Ç
Î
Ç
ÔKÛ
ÇÕÇ
Ì
ÆÆ
ÍSÊÍSÉkÎ
Ç
Í
Õ
æﬂÒ
ÇÇ
ÔÈKÊ
Ç{Õ
Ó×ÔÊ
Ç
ÛÌ¹Ó×ÑSÔááa
Ç
Î
Ç
Ì
Æ8ÇÕÇ
Ì
Ç
ÛÌ¹ÑÎ
Î³ÑSÔÌ³ÍSÉ

ÉËÍ\Ô
Ç=
è Ù? 
Æ
ÍSÊ'Ò
ÇÇ
Ô/ÈÊ
Ç{Õ
ÍSÊMÌ
Æ8Ç
Î
Ç

Ç
Î
Ç
ÔKÛ
ÇWÕÇ
Ì
Æ
Í\Ô
Õ
Ì
Æ8Ç¡Q¢
Î³Íæ
Ç
ÔÌ¹Î³æ[Î³Í
Õ
ÓkÈÊMÍSÊMÌ
ÆKÇ
Î
Ç

Ç
Î
Ç
ÔÛ
Ç
Î³Í
Õ
Ó×ÈKÊ

ä£¤ äV á
å¥£
Å¾Æ8Ç
Î
Ç
ÍSÊ¹ÑSÔdÑSÎ¾Ì
Æ
Ó×ÊEÒ
ÇÆ
ÍÝ^ÓkÑÈ8Î¾Ó×Ê¾Ì
Æ8Ç
Ì¹Ó×ÉkÌ
ÇÕ=¦Ç
ÑSÖ
Ç
Ì¹Î³æ Ñ§SÑSÎÐÓ×ÔKÊ=ÌÍ\ÔKÛ
Ç
Ì
Æ8ÇZ¨§¢V©
É×ÈKÊJÌ
Ç
Î{á
xx ÀlÁ t
ì
wÂsîíUr ï ÂZwÂ À wðPsòñ uóõôÃ tZw u ð v ñ
R0
Source Source
R0 R0 R0
R Rref ref
refZ
Rref Rref
Zref
RO5LW<8
76¢ü
DX
¿Sª
*,6K8ß Xý c<Gý	I«ﬀOﬃ ]
< ÆM*Ç:*L¬i­?ÉLÉ)G)ßHþ +8ß\«ﬀ¾ý	
+\ <L
ß
>¯®
Ä
kþ
ý'#T°ÎP
W;:þ  j\ <L
ß2P  ý	ý	
2G)ßHþ Wý	\ ]
\«ﬀ=ﬃ ]
< 2G)ßHþ 8ß
P  ý	¤ý	
Jß<JH« ý	
J 6
f±9
&J \^>nG*ßHþ ý'*þ
²±«ﬀ+ý	
J Å <
ß>¯®
Ä
×þ
ý'N°
ÎP
[
;ﬃ  <
ßgK8ß ] &cﬃ
8#;\þG ]
<ý	
/ßý'ý'O«`ý; Ł(  

j&E«ﬀ&#
¡ß(ý	
³
@Z¾
³
8ß2
;SþGc H
<&E«ﬀ
ß(ý	
·÷
ﬂKø H
	 ßYý	
/ßý'ý'
³
@÷
ﬂKø>°
0´
1µ
2
¶
3·
0´ 100µ 200¶ 300· 400¸
0´
1µ
2
¶
3·
0´ 100µ 200¶ 300· 400¸
0´
1
2
¶
3·
0´ 100 200 300· 400
r0-tslope
R
0 
[ c
m
 ] (1)
r0-tslope
(2)
rref-tslope¹
R
<
z1
>
 
[ c
m
 ]
D
º T
(3)
D R=0.00992D T
rref-tslope¹
(4)
Tslope»  [ ns ]
0´
1
2
¶
3·
0´ 100 200 300· 400
RO5LW<8
76 ü
DX
r
ª
@9÷
ﬂKøV®
j
å9kmlTnﬃﬂN®` 6&#ý ( _ý'Z«ﬀ
·a¼
A
ý	
[?«ﬀ#&
ﬂß(ý	\½
@Z¾
1ﬁ8ß-«ﬀ
ý	
G8?ÊV&ýl Hý'&#Sý  ß#(ý	#Ðý	
ý	
9&E«ﬀ&#
ß#(ý	½
·÷
ﬂKø
¼I·QB
1E°¾k 
# /8ß+>
6&ﬃ(L8ßUý'ý	
	 H
<L [G)ßHþ H±Ł(#
4W8ßYý'¡ý	
j>¯®
Ä
kþ
ý'# H6K8ß Xý j<Gý	~I°
É  ]
8Ê)ý'+ﬃ(8ß ]
<eý'¤ý	

@C¿ÁÀuÂÃ
®
j
å9kmlTnﬃﬂN®` 6&#ý J&8ßßß. H7(#
V>g8ßFY°
ÎP
;cÊ)ý'P2þ
;ßg H¡ý	
«ﬀL] 8P H
<	 HG¡þý 
?°
Ä r\Ürgs9t=Å u¯ÆOÇJu'vZÝAÈ s=ÉgtZw uEÈPv xaÊ
98L{>5z"MŁ"yPP6?6g}8"~};8k{>6o8ky5~
W
I@ ßKŁ<
¼"¼
¿
}
ky

\j^Ł
F7"K5&"
76y_z98{5z=^5{"Y6y_{5{>6^5~{)z"b"Vz<8{Ac ÞËRë
ºÌ
äZ5~yﬁz{H5
6
V70z"{K6y5\8&{5zM#{9Y70"
598y?z"
¿
}|D


6y5~\8k&#{>5z"kyqﬀz<7{0
6cy5~
W96
Ì
®ÎÍ®ÎÏ
F=Ð!Ð!zU
8k96ZŁ8<6y0kzQP

{k{?{
6Y5y0y5
W
5Lﬀz<70{>5~zF"zH8{+{
6²
70y_{5~{>6;70"}{5z7
6|{0fkky+}z"ky5~
6;70"k~F{zJ{0
6^5{0.z"
{K6-7
5&"/76y0z"98{5ziD


6[y696}p{>5~zEz"M76V6?76k};6K6|{05y9
6}?6y0y0H7_

"y{0
6-768"
²7_y_{5~ {6;70"}{5z
6|{025yA8k
_ kzQP

K8{{K6Z|
76};5~y6Z"L8
6ZzO{
6y6L6}p{>6276V6?76};6

6|{h5y8kK5|z<7;{	"{;D
  ©Ł¡¥ªﬀ©v   .w
¬:v¢^«Qª¬V­³ª­¤«
,/.
©
v6ªVzV­
.
¡
{
§?}F§?~$2ÒÑSÓEÔ-v6¢
w
«
.
¨


6
Ì
®ÎÍ®ÎÏ
F=Ð!Ð¸zL
896yP^5~Okz"{ZP6U8ky65k
6|P6k
6 {0~


8{Z2Q5k5E"95LW
6
r
¯Ît:98ky;{>6;7_y;D


6;76ﬀz<76

{K6\7"K5&"!76y0zL8{>5~zEz"{K6)"95LW
6
Ì
®ÎÍ®ÎÏ
FÐ/Ð
r
¯Ît:98ky;{>6?7
Ł"yP:6;6Fy5\8k{>6Jﬀz<7P"o5y_z"{>7_z|
5~}5977"
5{>5~z2^5{g=
5y;{	"k}?6cz"GXKD
x
}Ð{z){K6
y0zH8
70}?6
BTB
D
®
M{K5yW<6zM6p{>7;{0
6+y0z<8K70};65~ykz"{P959W"
62^5{o76y0|:6}p{9{0z{
6+zU
8k96y;Õ
};6{>7695~
6


8L{^5{q76y0|:6}p{[{0zg{0
6I6
W<6I5~{0
6)M5~kkL6z":{0
6Mt:98ky;{>6?7

P
6?76"
{K76;6WzU
8kL6y{0z<8k}	iD&R70z {
6-759W" {|Ł"K6)5~RO59WH8
76¡ü
DX
r
5~{=5yb5M6
5&{6265¯

6 {[{Ł#{[ﬀz<7+{0
5yCW<6z"M6p{>7_7{
6M76V6?76k};6
6|{0p5yIÖH×EØ§ÙI5|zH7_{	 {;D/t:zky5
6?75~
W
{K6b759W{q|Ł"
6Vz/RO59WH8
76 ü
DX
¿
6p±L|k&Q5kyPP6H6J{0kz<8
Wz{6p<6 {0yy0z
PMkQH6

5&6?76{½Ł¯T78q6 {7_7
595

{K6;76M6p±S5y;{y[|76V6;76k}?62
6|{

P
6?76z"{0[76V6?76};6
7
595ﬁQ76I6´²8Ł"D¥í8
6={zC{
6)Y5y959W"kM6{Z{K6L6K{cy5~
6"k¹{
6I75LW{y5K6z:{K6
zL
896Q76kz+~z
W<6?7O6´8k"fD


6d@÷
ﬂKø
¯Nj
å9kmlTnﬃﬂ
¯`}z<776{>5~zW:6}zM6yl
6|P6k
6{z={K6
Ú
¯5
5976}p{>5z"25M{
6czLK8k96QD
®
z
6y6L6}{0yZ{K6=
6{6}{0z<7ZV7_z{	"|k&"K6MÞ6·ßäZ"yZ{0
6\76pV6;76k}?6=
6|{0

{0
6\6P6}p{
5yc<6?7_fy_{>7_z
W
D!FZy[}8"fP6y6;6y5!|k"
6
¿
zdRO59W<8K76ü
DLX
r
gH6;7;!|VzLz<7U@Z¾_¯fj
åLkmlTnﬃﬂ
¯
}zH776&{5z|5yjz"{	H5~
6

"yj~z
WMyZ{
6=y;{>7_z
W
Ú
¯5
6|:6
6k}?6)z"{
6}z<776{>5~z15~y

6?W96}{>6iD


6;76WQ76+{`:z|z"y0y5~k9676Y6
5L6y?ﬀz<7{K5yP|
70z"k96|D
ñ

6}zH8ko6"L8Ł{6
{K627"
5L8ky;¯{>5~M6ﬃ¯`}zH776&{5zﬀz<7\6p<6?7_"
W"96
Ú
y6|ŁQ7{6~


8{)y8k}	d¤|k|
70z"}	
5yU6p±U{>76Y6¹{6
5~z<8kyW"k!}z|95}{>6!"p5~{:zH8kp76´²8
5L76J"
WL6p¯5
6|:6kK6{
}zH776&{5z=V8k}{>5~ziD


6b5
6[z"{
6z"{
6?7:|k|
70z"}	5y

{zWY5K5Y5ï;6{
6b5KÛ
8
6k}?6
z"b{0
6
Ú
¯`
5L76}{>5~z y696}{>5~
W2z|{5Y5ï?6Y76V6?76k};6jK6|{0iD


6ZP6y_{*76y8k~{0yH76
ÜÜÎÝiÞàßcáãâåäVæNç§è¯éuß)âÁäëê*ßçEäìàíßá

ífîEêeæÞàßZê*âåáàáãïÁßZî

æfÞàßcáãßuæßéÎæî?í

íî?è?æNç§ïaàïåç§è¯ß*Lð
Oñàò¯óaOñàòàôãOñ? Îõ
x
ÀlÁ töZwÂs Ä rhÅ+ÂZwÂ À w È s ÇUu É ÆÃ tZw uEÈ?vÇ
6p±L|:6}p{>6EﬀzH7Y76pV6;76k};6W
6|{0

P
5}	7M5~
5Y5ï?6y:{0
6WY68"g
5~y_{	k};6P6p{`G6?6.{K6
76"ﬁ²70y;{\5~ {6;70"}{5zn|zy5~{5z¤Þ@B

·QB0äc"kn{
6}z<776y0|Vzk
5~
W÷76pV6;76k}?6J|z"y5~{5z
Þ@9÷
ﬂKø_
·÷
ﬂKø
ä9ﬀz<7j"R)øcøﬁy;DëRŁz<79{
5~y=76"y0z"{0
6Y68"E²
70y_{5{>6?7"}p{>5z"E
6|L{ù·QBb5~y
y696}{>6J"yﬁ{0
6b76V6?76};69
6|{0iD²FZy}8":69y6;65={K69ﬀz<8K7_{)|Ł
6z"&RO59WH8
76ü
DX
r

{K6[^5L{Ez"ﬁ{0
6\@ ¿åÀÎÂÃ ¯fj
åLkmlTnpﬂ
¯5}z<776&{5zh5y9\8k}	.y_2"~96?7P{0Ł"7{0
6Wz"
6z"l{0
6$@Z¾;¯
j
å9kmlTnﬃﬂ
¯`}zH776&{5z&DKR70z"{K6}z<776{>5~zM|kz{P}z<776{>5~z2V8kk}p{>5~zo5y?z{H5K6
ª
@)Þ¥j
åLkmlTnﬃﬂ
äﬁßﬃKŁÁSXã_ü
}
ky 
j
å9kmlTnﬃﬂë
KŁXã
¿
}
Fú7"K5&"<76y_z98{5zj^5{[bR¥ë
ºÌ
z"kz<8L{XHXû5~yë6p±L|P6}{6WV7_z{0
6qy5\8&{5z
ﬀz<7P$7
598kyPz"
¿
}hD
®
¤{0
6F"95LW
6
r
¯Ît:98ky;{>6?7){0
6gM5~y"L59WkY6{Wz"Z{0
6FzU
8k96y=^5~{e76y0|:6}p{{0zn{K6
{	Q7W<6p{Z76y8k{y)5~
5~P6;76{ﬁ}z<776&#{>5z"kyﬀz<7
5~P6;76{ﬁy6;WY6{y?D"ë5~{0{
6:y6L6}p{>5z"z"
·QB¥"y^{
676V6?76k};6q
6|{0\5~{¥
6p<6?7_{K696y0y)76H5y¥|Vzy_y596{z"}	
596p<6:b76"y0z"Ł"kL6
7
5&"a76y_z98{5zc^5~{0kz<8{!_ kzQP96
W<6qz"k{K6"
W"96
Ú

y0z9{Ł#{l"W"
W<8&H7^
6|P6k
6};6
5M{0
67"
5L8kyP"LWz<75{kú}"F:68z<5~
6iD
ü
­
.
¨¯zý&Ó
02.²3Z.
­¥¡
.
­V«
 
©Ł¡¥ªﬀ©v
 
.w
¬:v¢^«Qª¬V­
RŁz<7Pz{15L770"
5&#{>5z"2W<6zY6{75L6y"kEy6p{jz"l½Ł¯N78o6
6?7W<5L6y9{
6[}z<776{>5~zMV8kk}ﬃ¯
{>5~zkyU@)ÞVj
å9kmlTnﬃﬂ
äjG6?76J
6?75<6&D


6}z<776&{5z.V8kk}p{>5~zky[6;768ky6!{0zFzL{	H5~n{K6
6K6;7W ¯5
6|:6
6{Y7"K5&"c76y0zL8{>5~zfz?{
6Jy;{>6?6|:6y_{;¯`y_z|:6M"LWz<75{kð"yy0z
Pú5~
RO5LW<8
76¡ü
DX^ü
D


6
5&6?76k};6:6{`6;6.{
6\6ﬃ±"}{#76V6?76};6$7
598ky=@÷
ﬂKø
"kE{0
6W}"¯
};8&{6y7
598ky-@)ÞVj
å9kmlTnﬃﬂ
ä:"y\6"L8Ł{6z¸"]6<6{_¯`¯T6p<6 {2Ł"y5y="!²ŁL6p5~
Ez
6ﬃ¯`
5~M6ky5~zŁ"
5~y_{zHW<7"hD


6o7"
5L8ky\76y0z"98{5z!"L8
6yW6;76Cz{	Q5
6!V70z
þ
H8ky0y5&"²k{0y{0zg{0
6y6
5~y_{0z<W<7y?D
®
{Wy_kz<8k~n:6)kz"{6

{k{cﬀz<768"}	[6
6?7W"{K6
7
5&"76y_z98{5zyW<5<6¤^5~{ù76y0|:6}{2{zn{0
6ÞV6
6?7W"¯5
6|:6kK6{ﬃä2Y68"²70y;{
5{6;7}{>5~zM
6|{iD
F{¥zQf½Ł¯N6
6?7W<5L6yO{
6A7
5&"H76y_z98L{>5z"zVz"{c{K6qy5
WL6ﬁzU
8kL6ﬁ"k{
6
r
¯Ît:98ky;{>6?7
6p±L
5~
5~{0yZ6p±L};6L6{c76y0zL8{>5~zW"98K6yﬁ:6zQ
Ê


{
6{0
6?};8
7;<6y´²8
5~}¤_ ~$75y6G8k{>5
{K6Y76"}	2{K6;597#±S5\8k {:H70z<8k
r
`
U_H6Eß\D
º
6?76Z|VzUz<7c7"
5"76y0zL8{>5~z)"98
6y
z"X<DX[} "kX<DÜü}

76y_|P6}{>5<6~gH76+z{	Q5
6iDRŁz<7?
59W"
6;76
6;7W<596y9Vz"{0F}?8
7_H6y
y0z
 "÷6ﬃ±L|zK6{>5"¯5959_Q6[K6};768"y6"y+2L5Y5~{>5~
WI76y0zL8{>5~z7z"z<8L{
x
 5~y+"|L¯
|
7_z"}	
6E{
¿
D
`
Ì
6?ß-D
Ä r\Ürgs9t=Å u¯ÆOÇJu'vZÝAÈ s=ÉgtZw uEÈPv x
¼
Sigma
(D
R
<
z1
>
) FW
H
M
 
[ c
m
 ]
Energy [ keV ]
( D R< z1 > )

FWHM  single MINIBALL module
( D R< z1 > )

FWHM  aligned MINIBALL 3-Cluster
0
0.2

0.4
0.6
0.8
1
1.2
1.4
0 500	 1000 1500 2000 2500

RO5LW<8
76
DLX
ª ﬁﬀﬃﬂﬀ! ﬀ#"%$#&
®
ﬂﬀ#'(ﬀ# ﬂﬀ! )*"%!ﬂ+,-."/ﬀ021+)3 1+ 41
«
506 $+ ﬀ
Æ87,Ç7¬i­?ÉÉ
91:ﬂ; ﬀ ﬂ<>=ﬀ? $+ ﬀﬂ*@
7BA7¬i­.C+CEDà®GF
0ﬁﬁﬀ#"
°
HJILKNM(OLP
6?6Q
OGK;R)S
Q]5TQ
IGK
6
O
5TU\8;V
M!I
5
R
Q
I3KNM#IWIGK
6
OXI
6?6Y:6
O2IXZ[O
V
R
Y:6
M
V9W
R
75
IGK
U]\
M
QW<5T^H6
M
76
M#OGR
Q
M#P
V96o7
M#_
5
M
VG76
OXR
V98
I
5
R
Qa`
R
7
PR(IGKbIGK
6
O
5/QKWcV96
Ì
HÎÍdHÎÏ
FÐ/ÐeU
R:_
8;V96
M
Q
_fI3K
6
M
VL59WcQ
6
_
r
Z
tgV98
O2I
6?7ihj\
R
UkY
M
76
S
5
I3K
RO59W<8K76lKDmn§Dpo
K
6276
OXR
V98
I
5
R
Q]5
O
6Q
6?7W(q
_
6Y:6Q
_:Z
6Q
IrM
Q
_K;M(O
5
I3O
U
Ms
5TU\8;U 5/Q
I3K
6U76;WH5
R
Q
R
`
r
`
M_Q6?ßEt
I3K
6U6ﬃQ
6;7W(qh7
M
Q
WH6(t
SuK
6;76
I3K
6
U
M
5/Qú5/Q
I
6;7
M
\
I
5
R
Qa\
R
Q+\;6Y
I
5
IGO
6ﬃVT`
KNM(O
5
I3O<S
6
M
_-Q
6
OGO
Dvo
K
6176
OXR
V98
I
5
R
Qú5
Ow_
6
I
6?7GUY5/Q
6
_
P
q
IGK
6
_
5
OXI3M
Q;\?6
P
6
I[S
6;6Qyx
7
OXIrM
Q
_
U
M
5TQ|5TQ
I
6;7
M
\
I
5
R
Qzt
IGK
6{V
M#IGI
5/\;6
Z[_
6ﬃYP6ﬃQ
_
6ﬃQ
I|M
Q
5
OGR#Z
I
7
R
Yq
R
`
I3K
6I6VL6\
I
7
R
Q
_
75T`
I
^H6V
R
\?5
I
q5TQWH6;7GU
M
Q
5L8;U}t
I3K
6YWH6
R
UY6
I
7Xq
R
`
I3K
6
_
6
I
6ﬃ\
IGR
7
U
R:_
8+V96~hY;V
M
Q
M
7EY
M
7
I
tp\
RMs
5
M
VgY
M
7
I
nt
M
Q
_aIGK
625977
M(_
5
M#I
5
R
QW<6
R
UM6
I
7XqHDo
K
6iUY5
OGO
5/Q
W
5/Q:`
R
7GU
M#I
5
R
Q
M(PR
8
IEI3K
625/Q
I
6?7
M
\
I
5
R
Q
_
6Y
I3K
76
O
8;V
I3O
5/Q
M
76
_
8+\;6
_
7
M#_
5
M
VA76
OGR
VL8
I
5
R
QiD
o
K
627
M(_
598
O
5
OER(P+I>M
5TQ
6
_
`V7
R
U
I3K
6
I
5/UY6
ZJIGR#Z[O2I
6?6Y:6
OXI2Z[O
V
R
Y:6Mj
kmlTn6LS
5
I3KIGK
6
M
5
_R
`
M
\
R
776ﬃV
M#I
5
R
Qy`V8+Q;\
I
5
R
Q@<hVj
kmlTn6
n6t
SuK
5/\
K
\
M
Q
P
6
R(P+I>M
5TQ
6
_
`V7
R
U
IGK
6<\
R
776V
M#I
5
R
Q~Y;V
R(I
D

Q
6<Q
R)SKNM(OIGR}_
5
O
\?8
OGO
t
K;R)SI3K
6I76
O
8+V
I3O
`V7
R
U
I3K
6
O
6
O
5TU\8;V
M#I
5
R
Q
O
\
M
Q
P
6I8
O
6
_
5TQ
6
s
Y:6;75/UY6Q
I3O
D
H
QŁY
M
7
I
5/\?8;V
M
7t/5
I{KNM(OEI3RP
6
_
5
O
\?8
OGO
6
_bK;R)SIGK
6\
R
776V
M!I
5
R
Q`V8;Q;\
I
5
R
Q
\
M
Q
P
6
RcP+I>M
5/Q
6
_
6
s
YP6?75/UY6Q
I3M
V/Vq<D
Ê
ÀlÁd ö|p Ä Å|p À  È  Ç É Æp  EÈ.Ç

3!3
vjc:j a¢¡d
,/.
x
.².²3Z.w
;ÓExëv
3Z.
2vËz¢¢£!
,p¤
¥¦K
5TV96#5
I
5
O
^<6?7Xqo6
M#O
q
IGRkRcP:I>M
5TQ
I3K
6U@9§
©¨Z
j
kmlTn6JZ
\
R
776V
M#I
5
R
Q
O
5TQ
I3K
6
O
5TU\8;V
M#I
5
R
Qzt5
I
5
O
6
sI
76UY6Vq
I
6
_
5
R
8
OLIGR
UY6
M(O
8
76
I3K
6ﬃU|D

Q
6
KNM(OWI3R
8
O
6
M
\
R
VTV95TU
M#I
6
_~OXR
8
7G\?6
M#ILI3K
6
\
R
776ﬃ\
I
5L77
M#_
5
M#I
5
R
Q
M
Q
WcVL6HDPFª^
M(OXILM
U
R
8;Q
IR
`vUY6
M#O
8
76UY6Q
I3OLM#I_
5T«P6;76ﬃQ
I
Y
RcO
5
I
5
R
Q
O
M
Q
_ES
5
I3K{¬NZJOGR
8
7X\;6
OM#I_
5«&6?76ﬃQ
I
6Q
6?7W<5L6
OM
76gQ
6ﬃ\;6
OXO3M
72q<D²R8
7
I3K
6?7GU
R
76
IGK
6;76*5
O­MrK
59W
K
75
O
_
IGKNM#I
6;77
R
7
O
5/Q
I3K
6uY
RcO
5
I
5
R
Q
5/QKW
R
`
IGK
6u\
R
VTV95TU
M#IGR
7
S
5/V/VK76
O
8;V
I
5TQY6?77
R
7
O
5/Q
IGK
6u\
R
7
Z
76ﬃV
M#I
5
R
QiY;V
R(IdM
Q
_
xNQ
M
VTVTq25TQ
IGK
6L\
R
776V
M#I
5
R
Q8`V8;Q;\
I
5
R
QiDNo
K
6;76ﬃ`
R
76
M
Q
R(I3K
6?7
M
Y;Y
7
RcM
\
K
5
O.O
8
W<W<6
OXI
6
_
D
o
K
6W\
R
776ﬃV
M#I
5
R
QlY;V
R(I
5
O
8+Q
5/UwY
R
7
I>M
Q
I
`
R
7
I3K
6W®
R
Y;Y;VL6;7g\
R
776\
I
5
R
Qzt
R
Q;Vq
IGK
6\
R
776ﬃV
M!Z
I
5
R
QW`V8;Q;\
I
5
R
QU5
O
Q
6?6
_
6
_EI3R
\
M
V/\?8;V
M!I
6
I3K
6A7
M#_
598
O
`V7
R
U
I3K
6vUM6
M(O
8
76
_
j
kmlTn[Z
^
M
V98
6QD)o
K
6
OGR
V96wY
8
7GY
RcO
6
R
`
IGK
5
O
\
R
776ﬃV
M#I
5
R
Q¯`V8;Q;\
I
5
R
Q]5
O
t
I3R
YP6?7GUY5
ILM
W
R:R_
6ﬃQ
6;7W(q76
OXR
V98
I
5
R
Q
M
`
I
6;7®
R
Y;Y+V96;7°\
R
776\
I
5
R
QiDco
K
6?76ﬃ`
R
76
M
QI5/Q
ZJP
6
M
U6
s
Y:6;75/UY6Q
IS
5
IGKkM
_-Q
R)S
QlQ²8;\ﬃV96?8
O
5
O
Y
7
R
Y
RcO
6
_~I3RiRcP+I3M
5/Q
I3K
6±\
R
776V
M!I
5
R
Q`V8;Q;\
I
5
R
Qq@<hVj
kmlTn6
nd`
R
7#6
M
\
K
U
R_
8;V96QD
H
Q
I3K
6
6
s
Y:6;75/UY6Q
I|IGK
6
¬NZ[O
5/Q
W(V96
O9M
76-76ﬃ\
R
7
_
6
_
h
¬NZ
6QK6;7W#qctj
kmlTn
t
M
Q
WH8;V
M
7d5/Q:`
R
7GU
M#I
5
R
Q¢n²`
R
7
M
Q
R(³
5/QK6
Z
6^
M
V98
M!I
5
R
QiD
H
Q
I3K
6
R#³
5TQ
6
M
Q
M
Vq
O
5
OuM
VL5/Q
6
M
7\
R
776ﬃV
M#I
5
R
Q`V8+Q;\
I
5
R
Q
@<hj´.µ)¶
k¸·J¹(º
j
kmlTn6
n°»½¼hj´.µ)¶
k¸·J¹
n

j
kmlTn6/f¾
hj´.µ)¶
k¸·J¹
n
5
O{M(OGO
8;UY6
_
`
R
7U6
M
\
K
6
s
\?5
I>M!I
5
R
Q]6QK6;7W#qŁ´µ
R
`
I3K
6lQ8+\V96?8
O
hj´.µ)¶
k¸·J¹8K;M(O{I3R~P
6l\
M
V
Z
\;8+V
M#I
6
_
`
R
7d6
M
\
Ky_
6
I
6ﬃ\
I3R
7b8
O
5/Q
W
I3K
6C5/Q^H6;7
O
6±®
R
Y;Y+V96;7.\
R
776\
I
5
R
Q¢n
M
Q
_*IGK
6Y
M
7
M
UY6
Z
I
6?7
O
¼hj´.µ)¶
k¸·J¹
n
M
Q
_~¾
h´µ)¶
k¸·J¹
n
M
76L^
M
75L6
_
8;Q
I
5/V
IGK
6U6ﬃQ
6;7W(qh76
OGR
VL8
I
5
R
Q
M
`
I
6;79®
R
Y;Y+V96;7
\
R
776ﬃ\
I
5
R
Q[76
M
\
K
6
O<M
UM5TQ
5/U\8+U¿`
R
7
I3K
6k\
R
776
O
Y
R
Q
_
5/QKW16
s
\?5
I>M!I
5
R
Q]6QK6;7W#q<D)R
R
7
I3K
6
76`V6;76Q;\?6
_
6Y
I3KkIGK
6
O
5/U\8+V
M#I
6
_
UM6
M
Qkx
7
OXI
5/Q
I
6;7
M
\
I
5
R
Q
_
6Y
IGK
\
M
Q
P
6=8
O
6
_
BjÀ
DRO5/Q
M
V/Vq
M
Q÷6ﬃQ
6;7W(q
_
6Y:6Q
_
6ﬃQ
I
\
R
776V
M#I
5
R
Qi`V8;Q;\
I
5
R
Q*`
R
7
M
7
P
5
I
7
M
72qo6Q
6?7W<5L6
O
@<hj´.µ)¶
k¸·J¹cº
j
kmlTn6
n
5
O.R(P+I>M
5TQ
6
_iP
qo5/Q
I
6;7GY
R
V
M#I
5TQ
W
IGK
6WY
M
7
M
UM6
I
6;7
O
¼
M
Q
_}¾
`
R
7
IGK
676ﬃÁ8K5976
_
6ﬃQ
6;7W(q<D
o
K
6?76
M
76
IGK
76?6U76Á²8
5976UY6Q
I3O
`
R
7
IGK
5
O
6
s
YP6?75/UY6Q
I
ª
Â
o
K
6Û5LW
KI9_
5976ﬃ\
I
5
R
Q
R
`
IGK
6
¬¢Z
6UY5
IXI
5/QKW±Q8+\V96?8
O
U\8
OXI9P
6
S
6VTV
_
6ﬃxNQ
6
_
h
P
6
IXI
6?7
IGKNM
QÃ
_
6?W<76?6
O
nt
I3K
6o76
M
\
I
5
R
Q
R
`
M¯K
6
M
^-qaY
7
RÄ
6\
I
5/VL6
S
5
I3KfM
V959W
K-I{I>M
7W<6
I
5
O
IGK
6;76ﬃ`
R
76C76\
R
UkUY6Q
_
6
_
D
Â
F
O
8SJk\?596ﬃQ
I
®
R
Y;Y;VL6;7
Z[OGK
5T`
I°R
`
I3K
6^6ﬃUM5
IGI
6
_w¬NZ
7
M
q
O
5
O
Q
6;6
_
6
_wÅ±M
^<6V
R
\?5
I
q
R
`
I3K
6
76
M
\
I
5
R
Q}YK7
R_
8;\
IGOuR
`­ÆÇ
`cÈ
5
O
76ﬃ\
R
UwUM6ﬃQ
_
6
_
D
ÜÉXÊ!äOæfÞàßËÌÊÎÍÝäâêìàïÁç§æâÁîEè¯äOç§ífßGêGî?íßíßïâåç6Ï¯ïßæÞ¯çEèæfÞàß*àìàïåäËß*äËâÁêAì¯ïÁç§æâÁîEè¯ä
ò
æÞàßgÏ¯çEäâåéçEèà¦EïÁß
çEäfäâ¦?èàê*ßuè;ædç§ïÁ¦Eî?íâæÞàê éuçEèÏQß-áãâífßéÎæïÐMìQäËßá

îEíæfÞàßUçEè¯ç§ïÐãäËâåäî

æÞàßß2ÑãQßíâÁê*ßuè;æ
òÓÒ
Þàßuífßç?ä*æÞ¯ß
éÎî?íífßuïåç¤æfâî?è

ìàèQéTæâÁîEèêì¯äVæÏHßcáãßÎæfßuífê*âèàßá=âèßﬁÑãHßuífâê*ßè?æ
õ
ÄÕÔirEÖYÆp  ﬁ|×AÈ =É   EÈu Ê:Ø
Â o
K;Ù.ÚXÙÛM
\
I3ÜTR
Q±Y
ÚGR_;Ý
\
I3O
U
Ý+OXI°PÙ.Ùs
\
ÜI3Ùﬃ_wÜ
Q
I3RrOXÙ
^
ÙﬃÚ3M
V
OXK;RcÚ2IXZ
V
Ü
^
Ù_±OXI3M#I3ÙﬃO
t
SuK+Ü
\
K
\
R
^
ÙÚuI3K;Ù
`
Ý
VTV
Ú3M
Q;Þ
ÙR
`
¬NZ[Ù
Q
ÙÚ
Þ
Ü/ÙOﬃß
o
K;Ù
Y
ÚGR
Y
RcOXÙ_
U
ÙI3K;R_WSM(OÎÝ;OXÙ_
`
R(ÚzI3K;ÙÚ3M#_;Ü/Ý;Oà_;ÙI3ÙﬃÚ
U
Ü
Q
M#IGÜ/R
Q
R
`
IGK;ÙvÙ6s
Y
ÙﬃÚGÜ
U
Ù
Q
IÎ_;Ù6Z
O
\
ÚGÜTPÙﬃ_Ü
Q\
KNM
Y
I3ÙﬃÚá:ßâdÙÚXÙ²IGK;Ù
Y
M(Ú3M
U
ÙﬃIGÙÚXO
`
R(ÚzI3K;Ù
\
RcÚXÚGÙ
V
M#IGÜ/R
Qr`
Ý
Q+\
I3ÜTR
Qã<h´µ
ºGä
Tå,æ[ç

n
\
R(Ý
V
_iR
Q;Vq
PÙW_;Ù_;Ý
\
Ù_
`
RcÚuM
Q
Ùs
\
ÜI>M#IGÜ/R
Q
Ù
Q
ÙÚ
Þ(q
R
`­m(mEè
Ù
ß
ßâdÙ
Q;\
ÙLIGK;ÙWÚ3M(_;ÜTÝ;OuM(OﬁZ
OGÜ
ÞcQ;U
Ù
Q
I.SgM(O
V
Ü
U
ÜTIGÙ_kIGR±I3K;ÙWÙ
Q
ÙÚ
Þ#q
ÚGÙ
Þ
Ü/R
Q
PÙﬃI[SvÙÙ
Q~mcécé±è
Ù
ß
M
Q
_ Ê
écé±è
Ù
ßEt
SuK;ÙÚXÙ
M
\
R
Q
OXI>M
Q
I9ÙsIGÚ3M
Y
R
V
M!I3Ü/R
Q
R
`
I3K;Ù
Y
M(ÚGM
U
ÙﬃI3ÙﬃÚGO
¼
M
Q
_*¾9OGÙÙ
U
Ùﬃ_ÚXÙÛM(OXR
Q
M(P
V
Ù(ß
êëﬃì íïî¯ðlñ5òó±ôöõ°î~÷øwô.ù ó{ú²ûøî
ürý[þdý3ß  
	ﬀ
ﬁﬃﬂ "!
#%$8  &('

$)#*#Û+& 
¤,
 -$)'.&¢£!©
ﬂp¤
H
Q
RcÚX_;ÙÚ|IGR
V
R
\
M#IGÙ¬NZ[ÚGM
q
O9SuÜTI3K+Ü
Q
IGK;ÙE_;ÙI3Ù
\
I3RcÚrIGK;ÙEÚGM(_;Ü%M
V
Ü
Q+`
RcÚ
U
M#IGÜ/R
Q
Ü/O
Q
R(IOXÝ0/±Z
\
ÜTÙ
Q
I
t
OGÜ
Q+\
ÙI3K;ÙWM
Q;ÞcV
Ù
Ú
Ü/OO2I3Ü
VTV
Ý
Q;è-Q
R)S
Q
ßN¥¦K;Ü
V
Ù|I3K;ÙÚGM(_;ÜTÝ;O.Ü
Q+`
R(Ú
U
M#I3ÜTR
Q
ÜTO_;ÙÚXÜ
^
Ù_
`
ÚGR
U21435
R
`
I3K;Ù<_;ÙI3Ù
\
I3RcÚ
\
RcÚGÙ
\
R
Q
I3M
\
I
t
I3K;ÙwM
Q+Þ
Ý
V
M#ÚrÜ
Q+`
R(Ú
U
M#I3ÜTR
Q
ÜTO
\
R
Q
I>M#Ü
Q
Ùﬃ_Ü
Q
I3K+ÙgOGÙ
ÞcU
Ù
Q
I
Y
Ý
V
OGÙﬃOß
o
K+Ù.M
Q;ÞcV
ÙgM#OGOGÜ
ÞcQ;U
Ù
Q
IÜ
Q
IGK;Ù
Ì
HÎÍdHÎÏ
5Ð/ÐiU
R_;Ý
V
ÙvÜTO­MdI[SgR#ZJOXIGÙ
Y
Y
ÚXR
\
ÙOGOﬃß76­Ü/ÚXOXIM
\
RcM(ÚGOXÙ9M
Q;ÞcV
Ù
t
ÙÜI3K;ÙﬃÚI3K;Ù
U
Ü/_;_
V
Ù
V
Ü
Q
ÙR
`
MOGÙ
ÞcU
Ù
Q
I²RcÚI3K;ÙuOXÙ
ÞcU
Ù
Q
I>MZ
I3ÜTR
QV
Ü
Q
ÙdPÙI[SgÙﬃÙ
Q
I[SgR<OXÙ
ÞcU
Ù
Q
I3O
t
Ü/OvOGÙ
V
Ù
\
I3Ùﬃ_zß;H
`ÎY
R(OGOGÜTP
V
ÙdI3K;Ù
\
RM(ÚXOGÙM
Q;ÞcV
Ù9Ü/OÚXÙ
xNQ
Ù_
Ü
Q
M±OGÙ
\
R
Q
_OXIGÙ
Y
ß
o
K;ÙM(OGOXÜ
ÞcQ+U
Ù
Q
IdR
`
I3K;Ù
\
RcM(ÚGOXÙM
Q;ÞcV
Ù
Ú8
æ
·
§T
gÜ/OuPNM(OXÙ_R
Q
IGK;Ù{M
Q
M
VTq
OXÜ/OuR
`
I3K;ÙLÙ
Q
ÙﬃÚ
Þ(q
Y
M#IXI3ÙﬃÚ
Q
R
`
I3K;Ù*OGÙ
ÞcU
Ù
Q
I3Oß
1
R(OGOGÜTP
V
Ù
x
ÚGO2IlÜ
Q
I3ÙÚGM
\
IGÜ/R
QbY
RcOGÜI3Ü/R
Q
OwM(ÚGÙ
V
Ü
U
ÜI3Ù_ŁIGRI3K+Ù
K;ÜIrOGÙ
ÞcU
Ù
Q
I3OﬃßzH
Q
RcÚG_;ÙﬃÚ|I3Rl_;Ù
^
Ù
V
R
Y
M
Q
M
Q;ÞcV
ÙEM
VTÞ
RcÚGÜI3K
U
I3K;Ù±OXÙ
ÞcU
Ù
Q
IÚXÙO
Y
R
Q
OXÙ<R
`
M
OGÜ
Q;ÞcV
Ù
m
Z
`
R
V
_yOXÙ
ÞcU
Ù
Q
I3Ùﬃ_
U
R_;Ý
V
Ù{KNM(OrI3K+ÙÚGÙ
`
RcÚGÙ<PÙÙ
Q
Ù
^
M
V
ÝNM#IGÙ_¯R
Q
M
Þ
ÚXÜ/_~R
`
¬NZ[Ú3M
q
Ù
Q
IGÚ
qaY
RcÜ
Q
I3O±SuÜI3KfM5_;ÜTOXI3M
Q;\
Ù}R
`
Ø
UwU
Ü
Q
PR(I3KaI3K+Ùis-Z{M
Q
_bI3K;Ù
q
Z[_;ÜTÚGÙ
\
I3ÜTR
Q½h
OGÙﬃÙ
6­Ü
Þ
Ý;ÚGÙ

ß
Ø
á
n
ß

Q
ÙWOXÜ
U
Ý
V
M#I3ÜTR
Q
K;M(OuPÙﬃÙ
Q}U
M(_+ÙrSuÜTI3KIGK;ÙWÜ/OXR(I3ÚXR
Y
Ü
\
OGÜ
Q+ÞcV
Ù6Z
U
R:_;Ý
V
ÙdÜ/Ú2Z
Ú3M#_;Ü%M#IGÜ/R
Q<Þ
ÙﬃR
U
ÙﬃI3Ú
qct
SuK;ÙÚXÙ9IGK;Ù|OXRcÝ;Ú
\
ÙrKNM(OvPÙﬃÙ
QY
RcOXÜTI3ÜTR
Q
Ùﬃ_
Ø
é
ß
mL\U
MÛSM
qw`
ÚGR
U
I3K+Ù
_;ÙI3Ù
\
I3RcÚ|M
Q
_M
V
Ü
ÞcQ
Ù_8SuÜI3KÚXÙO
Y
Ù
\
I|IGRkIGK;Ù
U
R:_+Ý
V
Ù
Õ
O
\
Ù
Q
I3ÚGÙ
V
Ü
Q
Ù(ß¢H
Q
IGK;Ù{R#I3K;ÙﬃÚ9OXÜ
U
Ý:Z
V
M!I3Ü/R
Q
I3K;Ù
U
R_;Ý
V
Ù.KNM(O²PÙﬃÙ
Q
Ü/ÚGÚGM(_;Ü/M#I3Ùﬃ_
Y
ÙÚ
Y
Ù
Q
_;Ü
\
Ý
V
M(Ú
Vq
ßcHJIvOGK;R(Ý
V
_wPÙ
Q
R(IGÙ_<I3KNM!IgÜ
Q
\
R
Q
IGÚ3M(O2II3RrIGK;ÙÚGM(_;Ü/Ý+O
\
RRcÚX_;Ü
Q
M!I3Ù
t
I3K+Ù.M
Q;ÞcV
Ù
\
R:RcÚX_;Ü
Q
M#I3ÙvÜ/O
Q
R(I_;Ù
Y
I3K<_;Ù
Y
Ù
Q
_;Ù
Q
I
`
R(Ú
PR(I3KiÜ/ÚXÚ3M(_+Ü%M#IGÜ/R
QwÞ
ÙR
U
ÙI3ÚGÜTÙOﬃß
o
K;Ù
x
ÚXOXIdÜ
Q
I3ÙﬃÚ3M
\
I3ÜTR
Q
M
Q;ÞcV
Ù
Ú:9
t
I3K;Ùr¬NZJÚ3M
q
Ù
Q
IGÚ
q
M
Q;ÞcV
Ù
Ú;
M
Q
_lIGK;ÙrÚGÙ
`
ÙÚXÙ
Q;\
ÙWM
Q;ÞcV
Ù
Ú
§
©¨
t
SuK;Ü
\
KÜ/Ov_;Ù
x;Q
Ù_}M(OgM
Q;ÞcV
Ù
\
R:RcÚX_;Ü
Q
M#I3ÙdR
`
I3K+Ù
Y
R(Ü
Q
I
t
SuK;ÙﬃÚGÙ<I3K;Ù<_;ÜTÚGÙ
\
I3ÜTR
Q
R
`
¬¢ZJÚ3M
q
Ù
U
ÜTOGOXÜ/R
Q
Ü
Q
IGÙÚXOGÙ
\
I3OWI3K;Ù-<
§
¨Z
Y;V
M
Q
Ù
t
M(ÚXÙEI3K;Ù<OGM
U
Ù
`
R(Ú
ÊÃ
ÀlÁd ö|p Ä Å|p À  È  Ç É Æp  EÈ.Ç
0
=
10
20>
0
=
10 20
0
=
10
20>
0
=
10 20
0
=
10
20>
0
=
10 20
0
=
10
20>
0
=
10 20
0
=
10
20>
0
=
10 20
0
=
10
20>
0
=
10 20
0
=
10
20>
0
=
10 20
0
=
10
20>
0
=
10 20
0
=
10
20
>
0= 10 20>
0
=
10
20
>
0= 10 20>
0
=
10
20
>
0= 10 20>
All in Seg
Y 
[ m
m
 ]
Full energy deposition
in the hit segment
Seg and Next?
Energy deposition
in the hit segment
and the lower neighbour@
Max in Seg
Largest energy deposition
in the hit segment
Phot
Relative
efficiencyA
1333 keV
All in Seg Seg and Next? Max in Seg Phot
662 keVB
All in Seg Seg and Next?
X [ mm ]
Max in Seg Phot
356 keVC
0
=
10
20
>
0= 10 20>
100%0% 25% 50% 75%
6­Ü
Þ
Ý;ÚGÙ

ß
Ø
áDFE
1c0> 3 1+ ¯ﬂﬀ#'(ﬀ# ﬂﬀ! )k02ﬀ$:|ﬀ! )}"/ﬀ06'c1+ 02ﬀHG1"
¬I
"©ﬃ&~ﬀ! )>"/&Ł'(1c06 3,1+ 0w1+ ¯
JkL $+" ﬂKG1"­E06 $+ ﬀl@
7Ag7MLON.C:C
|1ﬂ; ﬀQPRd=ﬀW021+"TSﬃﬀk=!0VU(ﬀﬀ! 'c1c0> 3 1+ ﬀﬂHJXWYP[Z-S!
]\°ﬃ&ﬃG["/1+e>=ﬀWﬂﬀﬃﬁﬀ^Sﬃﬁ1"_P
7
d=!0`Ucﬀﬀ! ±? $+ ﬀﬂa\u >=l"/ﬀ06'cﬀ^Sﬃﬁ1<>=ﬀ±|1ﬂ; ﬀcb?0Sﬃﬀ# )>"%ﬀ!? ﬀdP
Ru=ﬀeG["©fSﬃ3,1: y1QGhgiji:0^klG1"\d=cmS#=y-?>=ﬀiﬀ# ﬀ#"/$(& 0±ﬂﬀ#'(1c06 ﬁﬀﬂaÕ >=ﬀiﬀ! )>"/&y02ﬀ$:|ﬀ! )nk
>=ﬀ`G["©fSﬃ3 1+ ok0G1"O\d=cmS!=>=ﬀWﬀ# ﬀ!"%$(&<,0gﬂﬀ#'c1(06 ﬁﬀﬂ8Õ L>=ﬀﬀ# )>"/&02ﬀ$+9ﬀ# )- ﬂ8Õ L>=ﬀE 1p\°ﬀ!"
 ﬀ! $+=qUc1:"rk¢ ﬂk>=ﬀVG["©fSﬃ3,1: okYG1-":\d=cmS!=E>=ﬀLﬀ# ﬀ#"/$(&Eﬂﬀ!'c1c0> 3 1+ l {>=ﬀLﬀ# )>"/&{0Xﬀﬃ$+9ﬀ# )r,0
,!"%$cﬀ!">=!- 8 w- )&<1(>=ﬀ!"°02ﬀ$+9ﬀ# )nkp 0|06=1p\9 sG1"°ﬀ! ﬀ#"%$,ﬀ0r
DQt
Z0kjZQZdu0k- ﬂvJ
DcD(Dxw
ﬀ]yFP
7
 ﬂﬂ+ 3,1: r>=ﬀL"/ﬀ# 3 zﬀhgi
E
ﬀ]{aS! ﬀ# fS&W1QGz>=ﬀd06 $+ ﬀ@
7Ag7MLONC+C
|1ﬂ; ﬀr 0v06=1p\9 }|~Ru=ﬀ
ﬂﬀ^ c 3 1+ }S- KUcﬀ`G1+ ﬂ8Õ >=ﬀﬁﬀn!]P^P
ÕÔirEÖ-p  ﬁ|×4    ]u Q
PR(I3KyÜTÚGÚGM(_;Ü%M!I3Ü/R
Q*Þ
ÙﬃR
U
ÙﬃI3ÚXÜ/ÙﬃOß
5
OrÜIrÜ/O
^
ÙﬃÚ
q
IGÙ_;ÜTRcÝ;O|IGR
\
R
Q:x
Ú
U
I3K;Ù{OGÜ
U
Ý
V
M#IGÜ/R
Q
O
`
R(Ú
Ù
^
ÙÚ
qyY
RcOGÜI3Ü/R
Q*\
M
V/\
Ý
V
M#IGÙ_
t
IGK;ÙEÚGÙﬃOGÝ
V
I3O9KNM
^
Ù±PÙÙ
Qy^
ÙÚXÜ
x
Ùﬃ_
`
RcÚ|M
`
ÙﬃS
Y
R(OGÜTIGÜ/R
Q
OdR
Q;VTq
Ý;OXÜ
Q;Þ<\
R
V/V
Ü
U
M!I3Ù_lOGRcÝ;Ú
\
ÙﬃO|M
Q
_}IGK;Ù
Y
ÙﬃÚ
Y
Ù
Q
_;Ü
\
Ý
V
M(ÚÜTÚGÚ3M#_;Ü%M#IGÜ/R
Q"Ł
Ý
Q

t
6­Ü/O

f ß
o
K;Ù
`
R
V/V
R)SuÜ
Q;ÞÁ
Ý;M
Q
I3ÜTIGÜ/ÙﬃOdK;M
^
ÙPÙÙ
Q
_+ÙﬃI3ÙﬃÚ
U
Ü
Q
Ùﬃ_iÜ
Q
I3K;ÙWOXÜ
U
Ý
V
M#I3ÜTR
Q
O^D
Â o
K;Ù
`
Ú3M
\
I3ÜTR
Q
R
`gU
R_;Ý
V
Ùa6l°O
t
SuK;Ü
\
K5_;Ù
Y
RcOXÜTIM
VTV
I3K+ÙÜ/ÚWÙ
Q
ÙÚ
Þ(q
Ü
Q
I3K+ÙwÙ
Q
I3Ú
q
OXÙ
ÞcU
Ù
Q
IÛß
Â o
K;Ù
`
Ú3M
\
I3ÜTR
Q
R
`U
R_;Ý
V
Ù6lO
t
SuK;Ü
\
KO
Y
ÚGÙÛM#_lI3K;ÙﬃÜ/Ú²Ù
Q
ÙﬃÚ
Þ(q
PÙﬃI[SvÙÙ
Q
IGK;Ù|Ù
Q
I3Ú
q
OXÙ
ÞcU
Ù
Q
I9M
Q
_iI3K;Ù
V
RSvÙÚ
Q
ÙÜ
Þ
KPRcÝ;ÚuOXÙ
ÞcU
Ù
Q
IÛß
Â o
K;Ù
`
Ú3M
\
I3ÜTR
Q
R
`°U
R_;Ý
V
Ù6lO
t
SuK+Ü
\
Ky_;Ù
Y
R(OGÜTIdI3K+Ù
V
M#Ú
Þ
ÙﬃOXI9M
U
RcÝ
Q
I|R
`
Ù
Q
ÙﬃÚ
Þ(q
Ü
Q
IGK;ÙWÙ
Q
I3Ú
q
OGÙ
ÞcU
Ù
Q
IÛß
o
K;ÙÚXÙOGÝ
V
I3O.R
`
PR(IGK8OGÜ
U
Ý
V
M!I3Ü/R
Q
OgM#ÚGÙrOXÜ
U
Ü
V
M#Ú
t
I3K+ÙÚGÙ
`
RcÚGÙ|ÜTI.KNM#OPÙﬃÙ
Q
_;Ù
\
Ü/_+Ù_8I3RER
Q;VTq
_;ÜTO
\
Ý+OGO.I3K;ÙÚXÙOXÝ
V
IGO.R
`
I3K;ÙWOGÜ
U
Ý
V
M#I3ÜTR
Q
SuÜI3K8I3K+ÙOGRcÝ;Ú
\
Ù
x
s:Ù_*M#I
Ø
é
ß
mE\ﬃU
_;ÜTOXI3M
Q;\
ÙrIGR
I3K+Ù
U
R_;Ý
V
ÙrM
Q
_*M
V
Ü
ÞcQ
Ù_SuÜI3KiÚGÙﬃO
Y
Ù
\
I9IGR<IGK;Ù
U
R_;Ý
V
ÙQ O
\
Ù
Q
IGÚGÙ
V
Ü
Q
Ù(ß
H
Q
RcÚG_+ÙÚrI3R8_+ÙﬃI3ÙﬃÚ
U
Ü
Q
Ù
t
K;R)S _;Ü
«
ÙÚXÙ
Q
IWÙ
Q
I3Ú
q~Y
RcOGÜI3Ü/R
Q
OM(ÚXÙ{SgÙﬃÜ
Þ
KIGÙ_5Ü
Q
I3K+Ü/OrÜTÚGÚ3M#_;ÜZ
M#IGÜ/R
Q¯Þ
ÙﬃR
U
ÙI3Ú
qct
I3K+ÙkÚXÙ
V
M!I3Ü
^
Ùs6l
1
Ù^/
\
ÜTÙ
Q;\q
KNM(OWPÙﬃÙ
Q
_+ÙÚGÜ
^
Ùﬃ_zß
o
K;Ü/OWÚGÙ
V
M#IGÜ
^
ÙwÙ]/±Z
\
ÜTÙ
Q;\q
Ü/O­_+Ù
xNQ
Ùﬃ_<M(OàI3K;ÙÚGM#I3ÜTR9R
`
I3K;Ù6l
1
Ù^/
\
ÜTÙ
Q;\q
M#IÎI3K+Ù
Þ
Ü
^
Ù
Q{Y
RcOXÜTIGÜ/R
Q
_;Ü
^
ÜT_;Ù_P
q
I3K+Ù
U
M!s:Ü
U
Ý
U
6l
1
Ù^/
\
Ü/Ù
Q+\ﬃqct
OXR8I3KNM#IWÜ
Q
I3K;Ù
Y
RcOXÜTI3ÜTR
Qzt
SuK;ÙÚXÙ±I3K;Ùs6l
1
Ù]/
\
Ü/Ù
Q;\ﬃq
ÚGÙM
\
K;ÙﬃOwÜI3O
U
M!s:Ü
U
Ý
U*t
M
^
M
V
Ý;ÙlR
`
Ø
é(é
È
ÜTOERcP+I3M(Ü
Q
Ù_zß
5
O
\
M
Q
PÙOXÙÙ
Q
Ü
Q
I3K;Ù
V
M(OXI
\
R
V
Ý
UwQ
R
`
6­Ü
Þ
Ý;ÚGÙ

ß
Ø
á
t
I3K+Ù
`
ÚGÜ
Q;Þ
ÙﬃO9R
`
I3K;ÙOGÜ
Q;ÞcV
Ù
U
R:_+Ý
V
ÙWKNM(ÚX_
VTqi\
R
Q
I3ÚXÜ/P;Ý+IGÙIGRkI3K+Ù
Ù^/
\
Ü/Ù
Q+\ﬃqct
IGK;ÙWÚ3M(_;ÜTÝ;O.Ú3M
Q;Þ
Ù
`
ÚGR
U
á
UkU
I3R
ÃcÃEUkU\
R
Q
I3ÚXÜ/P;Ý:I3ÙO
U
RcOXIß
6NÚGR
U
IGK;Ù
x
ÚXOXI9I[SgR
\
R
V
Ý
UwQ
OdR
`
6­Ü
Þ
Ý;ÚGÙ

ß
Ø
áwR
Q
Ù
\
M
Q
_;Ùﬃ_;Ý
\
ÙEIGKNM#IrMkÚGÙM(OGR
Q
M(P
V
ÙEM(OﬁZ
OGÜ
ÞcQ;U
Ù
Q
IvR
`
I3K+Ù|Ù
Q
IGÚ
q
M
Q;ÞcV
Ù
8
æ
·
§/

\
M
Q
PÙ|RcP:I>M(Ü
Q
Ù_
`
RcÚ²IGK;Ù
`
R
V/V
R)SuÜ
Q;Þ
K;ÜTI
Y
M#IXI3ÙﬃÚ
Q
O^D
¥¦K;Ù
Q
R
Q+VTq
R
Q
ÙOGÙ
ÞcU
Ù
Q
IàÜ/OK;ÜI
t
IGK;Ù°OGÙ
ÞcU
Ù
Q
IpM
Q;ÞcV
Ù
t
SuK+Ü
\
KWÜ/O_;Ù
xNQ
Ùﬃ_{M(OzIGK;Ù
\
Ù
Q
IGÚGÙ
V
Ü
Q
Ù
R
`
IGK;Ù²OGÙ
Þ(U
Ù
Q
I
t
ÜTOp_+Ü/ÚGÙ
\
I
VTq
M(OXOGÜ
ÞcQ
Ù_LI3R`
8
æ
·
§/
ÎM
Q
_SuK+Ù
Q
I[SvR
Q
ÙﬃÜ
Þ
K-PRcÝ;ÚGÜ
Q;Þ
OGÙ
Þ(U
Ù
Q
IGO
M(ÚXÙEK;ÜTI|I3K;Ù±M
Q;ÞcV
Ù{R
`
I3K;ÙEOXÙ
ÞcU
Ù
Q
I3M#I3ÜTR
Q~V
Ü
Q
Ù{PÙﬃI[SvÙÙ
Q
IGK;RcOGÙEI[SvRiOGÙ
ÞcU
Ù
Q
I3OWÜ/O|MÚGÙÛMZ
OGR
Q
M(P
V
ÙkM#OGOGÜ
ÞcQ;U
Ù
Q
IÛß
o
K;ÙﬃOGÙkÙ
^
Ù
Q
I3O{SuÜ
V/V
PÙ
\
M
V/V
Ù_j]~X~Q]`]Q].
h

3

n
M
Q
_
j] ¡¢0£]¤7¥] ¦7Q_+§~X~Q]ﬀ]Q]¦
h©¨`3

n
ÚXÙO
Y
Ù
\
I3Ü
^
Ù
VTq
ß
o
K;Ù
q
M#ÚGÙWM
V
OGR{IGK;Ù
U
R(OXI.Ü
U
Z
Y
RcÚXI3M
Q
I­Ù
^
Ù
Q
IGO
t
M#O
U
RcÚGÙ°I3K;M
Q

á
È
R
`
M
VTV
6lOpM(ÚXÙ

3
°O­R(Ú
¨3
°O
h
OXÙÙ6­Ü
Þ
Ý+ÚGÙ

ß
Ø
mn
ß
â9R)SvÙ
^
ÙÚLÜTI
U
M
è
ÙO
Q
R8OXÙ
Q
OXÙ<IGR8_;Ü/ÚXÙ
\
I
VTq
M(OXOGÜ
ÞcQ
I3K;Ù<M
Q;ÞcV
ÙR
`
I3K;Ù±OXÙ
ÞcU
Ù
Q
ISuÜI3KyI3K+Ù
K;Ü
Þ
K;ÙO2ILÙ
Q
ÙﬃÚ
Þ(q
_;Ù
Y
RcOXÜTIGÜ/R
Q
I3RH
8
æ
·
§T

t
PÙ
\
M(Ý;OXÙkÜILÜ/O
Q
R(I
Q
Ù
\
ÙOXO3M(ÚXÜ
Vq
I3K;ÙwÙ
Q
I3Ú
q
OGÙ
Þ
Z
U
Ù
Q
IÛß
5
O
\
M
Q
PÙwOGÙﬃÙ
Q
Ü
Q
6­Ü
Þ
Ý;ÚGÙ

ß
Ø
m+t
I3K+ÙkÜ
Q
ÜTIGÜ%M
V
¬NZJÙ
Q
ÙﬃÚ
Þ(q
M
Q
_5I3K;ÙkOGÙ
ÞcU
Ù
Q
IXZ[K+ÜTIXZ
Y
M#IXI3ÙﬃÚ
Q
_+ÙﬃI3ÙﬃÚ
U
Ü
Q
Ù
t
SuK;ÙﬃIGK;ÙÚgIGK;ÙÚXÙ|ÜTOvMLK;Ü
Þ
K
Y
ÚXRcPNM(P+Ü
V
ÜI
q
I3K;M#II3K;Ù9OGÙ
Þ(U
Ù
Q
IvSuÜTIGKkI3K+Ù

ÀlÁd`ª p x« |p À   ­¬   p  ]. ¬
0®
20¯
40
60°
80±
100
0® 250¯ 500² 750³ 1000 1250 1500 1750 2000¯ 2250¯ 2500¯
0®
5²
10
15
20¯
0® 250¯ 500² 750³ 1000 1250 1500 1750 2000¯ 2250¯ 2500¯
0®
5²
10
15
20¯
0® 250¯ 500² 750³ 1000 1250 1500 1750 2000¯ 2250¯ 2500¯
Effizienz
one segment events´
two segment neighbour eventsµ
(1)
Effizienz
two segment no neighbour eventsµ
(2)
Fr
ac
tio
n 
of
 a
ll 
fu
ll 
en
er
gy
 e
ve
nt
s 
[ %
 
]
Effizienz
three segment eventsµ
(3)
Effizienz
four or more segment events
(4)
Energy [ keV ]
total¶
maximum energy in entry segment
maximum energy not in entry segment
0®
5²
10
15
20
0® 250¯ 500² 750³ 1000 1250 1500 1750 2000¯ 2250¯ 2500¯
6­Ü
Þ
Ý;ÚGÙ·;ß
Ø
m
D
i(¸f¹ºT»Q¼
Ir½
¹c¾Q¹c¸
½
¹c¸X¿À¹^»0Á¹c¸X¿`ÁÂqÃ ¿ÅÄÆ¾qÃÄmSfÄ ¿+¼ﬃG.ÇqºÉÈﬃÀÊÄË¸f»0Ã ¹KÌ)ÍÏÎÐÍ
LON.C:C
ÁÇ
½
ÂqÃ ¹dP
RFÑf¹G_ºTÈS]¿ÅÄmÇ0¸ﬃÇQGÈqÃÆÃgijiÀ^k\ÑdÄmScÑaÈcºT¹ﬃÒÓ(i0À]kÉÎÔÓji0À]k¿.\ÕÇ
I
ÀÖ¹*»0Á¹c¸X¿¸fÇ
I
¸f¹Ä »0ÑqUdÇ0Âqº×¹]zf¹c¸X¿ØÀ]k
¿ÊÑqºT¹^¹
I
À¹^»0Á¹¸X¿Ð¹]zf¹c¸X¿ØÀ]kÈo¸
½
G.Ç0Âqº
I
ÀÖ¹*»0Á¹c¸X¿4¹]zf¹c¸X¿ØÀÄ ÀÐÀ]ÑfÇp\¸hÈÀÈG_Âq¸fS]¿ÅÄmÇ0¸ÇQG×¹c¸f¹ºT»Q¼*P(gÇqº
ÈÙÀÖ¹*»Á¹¸X¿KÁÂqÃ ¿ÅÄÆ¾qÃÄmSfÄ ¿+¼ÙÈoUQÇQzf¹Ç0¸f¹ckÉ¿ÊÑf¹eG_ºTÈS]¿ÅÄmÇ0¸%ÇQGgi(i0À]kÉ\ÑdÄmScÑvÑÈXzf¹¿ÊÑf¹HÁÈpoÄÆÁhÂqÁ
¹c¸f¹ºT»Q¼
½
¹c¾QÇdÀÊÄ ¿ÅÄmÇ¸KÄË¸¿ÊÑf¹¹c¸X¿ÊºM¼}ÀÖ¹*»0Á¹c¸X¿ÐÈo¸
½
\ÑdÄmSÑ
½
Çe¸fÇQ¿ÑÈfzf¹¿ÊÑf¹aÁÈpoÄÆÁhÂqÁÚ¹c¸f¹cºÛ»Q¼
½
¹c¾QÇdÀÊÄ ¿ÅÄmÇ¸eÄË¸}¿ÊÑf¹h¹c¸X¿ÊºÛ¼sÀÖ¹*»Á¹¸X¿`ÄmÀV¾qÃ ÇQ¿_¿Ø¹
½
k(ÀÖÇ¿ÊÑÈX¿Ð¿ÊÑf¹KÃ[ÄËÁVÄ ¿ÅÄË¸f»K¹c¸f¹ºT»Q¼^kjÈX¿\ÑdÄmSÑa¿ÊÑf¹
¹c¸X¿ÊºM¼ﬃÀÖ¹*»Á¹¸X¿SpÈq¸KUQ¹VÈÀÖÀÊÄm»0¸f¹
½
¿ØÇa¿ÊÑf¹VÀ¹^»0Á¹c¸X¿ﬀ\FÄ ¿ÊÑh¿ÊÑf¹aÁÈpoÄÆÁhÂqÁÜ¹¸f¹cºÛ»Q¼
½
¹¾dÇdÀÊÄ ¿ÅÄ Ç0¸
SpÈq¸UQ¹
½
¹
½
ÂfS^¹
½
P
ÕÔirEÖ-p  ﬁ|×4    ]u  á
K;Ü
Þ
K;ÙO2IdÙ
Q
ÙﬃÚ
Þ(q
_+Ù
Y
RcOGÜI3Ü/R
Q
Ü/O.I3K;ÙWÙ
Q
IGÚ
q
OXÙ
ÞcU
Ù
Q
IdRcÚ
Q
R(Iß
HJI
`
R
VTV
R)SuO
`
ÚXR
U
I3K;Ù~M
Q
M
VTq
OXÜ/OlR
`
6pÜ
Þ
Ý;ÚXÙH·;ß Ø á
\
R
V
Ý
UkQ¦Ã
M
Q
_Ý6­Ü
Þ
Ý;ÚGÙ ·;ß Ø
mNh
Ø
n
I3KNM!I
`
RcÚ
¨`3
OwÜTI<ÜTO<O3M
`
Ù8I3RM(OXOGÜ
Þ(Q
IGK;ÙiOGÙ
Þ(U
Ù
Q
I3M#I3ÜTR
QbV
Ü
Q
ÙI3RÞ 8
æ
·
§/

t
M(O
V
R
Q;Þ
M(O
´µ
ÜTO
PÙ
V
R)Sß·-á
é*è
Ù^à{ßÕ6NRcÚIGK;ÙOXÙiÙ
Q
ÙﬃÚ
Þ
ÜTÙO
U
RcOXI
¨`3
°O±KNM
^
ÙiIGK;ÙÜTÚ{Ù
Q
IGÚ
q4Y
RcOXÜTIGÜ/R
Q
Ü
Q
I3K+Ù
OGÙ
ÞcU
Ù
Q
I<SuÜTI3KŁIGK;Ù
V
R)SgÙﬃÚ<Ù
Q
ÙﬃÚ
Þ(q
_+Ù
Y
RcOGÜI3Ü/R
Qa^
ÙÚ
qa\V
R(OGÙI3R~IGK;ÙiOGÙ
Þ(U
Ù
Q
I3M#I3ÜTR
QaV
Ü
Q
Ù(ß
5
PR
^
Ùx·-á
é~è
Ù]à]IGK;Ù
¨`3
°OkM(ÚGÙ
U
RcÚGÙ8Ù
^
Ù
Q+VTq
_;Ü/O2I3ÚXÜ/P;Ý+IGÙ_aR
^
ÙﬃÚwIGK;Ù*OXÙ
ÞcU
Ù
Q
Ißâ9ÙÚXÙ
I3K+Ù
èQ
RS
V
Ù_
Þ
ÙkM#PRcÝ:IrI3K;Ù<OXÙ
ÞcU
Ù
Q
ISuÜTIGKyI3K;Ù<K;Ü
Þ
K;ÙﬃÚrÙ
Q
ÙﬃÚ
Þ(q
Ü/OM
Q
M(_+_;ÜTIGÜ/R
Q
M
VpY
ÜTÙ
\
Ù
R
`
Ü
Q+`
RcÚ
U
M#IGÜ/R
Q
M
Q
_
\
M
Q
PÙlÝ;OGÙﬃ_aIGR¯M
\
K;ÜTÙ
^
ÙiM*PÙIGI3ÙﬃÚ<M
Q;Þ
Ý
V
M(ÚLÚGÙﬃOGR
V
Ý+I3ÜTR
Q
ß
5|Q
Ù
Q
Z
ÙÚ
Þ(q
SgÙﬃÜ
Þ
KI3Ùﬃ_aM
^
ÙÚGM
Þ
Ù8R
`
IGK;ÙlI[SvR~OGÙ
ÞcU
Ù
Q
I<M
Q;ÞcV
ÙO
Y
ÚGR
^
Ü/_;ÙﬃO±M
Q
Ü
UkY
ÚXR
^
Ù_á 8
æ
·
§/
JZ
M(OXOGÜ
Þ(Q;U
Ù
Q
IÛß
o
SvR#Z[OXÙ
ÞcU
Ù
Q
IdÙ
^
Ù
Q
I3O
t
SuK+ÙÚGÙIGK;ÙOGÙ
ÞcU
Ù
Q
I3OdM(ÚGÙ
Q
R(I
Q
ÙﬃÜ
Þ
K-PRcÝ;ÚGO
t
M(ÚXÙ
Y
ÚGRcP
V
Ù
U
M#IGÜ
\
M#O
V
R
Q;Þ
M#O9I3K+Ù¬NZ[Ù
Q
ÙÚ
Þ(q
Ü/OdPÙ
V
R)S
mcécéwè
Ù]àEß
5
IdI3K+ÙOGÙ{Ù
Q
ÙﬃÚ
Þ
ÜTÙO9IGK;ÙÚXÙ{ÜTO|MwK;Ü
Þ
K+ÙÚ
Y
ÚGRcPZ
M(P;Ü
V
ÜI
q
I3KNM#I.IGK;ÙOGÙ
ÞcU
Ù
Q
I.SuÜTIGKI3K;ÙO
U
M
VTV
ÙﬃÚvÙ
Q
ÙÚ
Þ(q
_;Ù
Y
RcOXÜTIGÜ/R
Q
ÜTOgI3K+ÙÙ
Q
I3Ú
q
OGÙ
ÞcU
Ù
Q
I
hj\
R
UwY
M(ÚGÙ.SuÜI3K 6­Ü
Þ
Ý+ÚGÙ·;ß
Ø
mNhÃcnGn
ßcH
Q
IGK;Ü/O
\
M#OGÙdR
Q
Ù
Y
R(OGOGÜTP;Ü
V
ÜTI
q
Ü/O°I3RM(OXOGÜ
Þ(Q
IGK;Ù
U
Ü/_+_
V
Ù
R
`
IGK;ÙL_;ÙﬃIGÙ
\
IGRcÚ
U
R_;Ý
V
Ù
hjã»ék\ﬃUn
M(OuI3K;ÙÙ
Q
I3Ú
q*Y
RcOXÜTI3ÜTR
Q
Å8I3K+ÙÙ
Q
IGÚ
q
OGÙ
ÞcU
Ù
Q
I|ÜTO
Ý
Q;è-Q
R)S
QOâ
M#OM
Q
M
V
I3ÙﬃÚ
Q
M#IGÜ
^
Ù
t
I3K;Ù±OXÙ
ÞcU
Ù
Q
IrSuÜI3KyI3K+Ù
V
R)SvÙÚrÙ
Q
ÙÚ
Þ(qy\
M
Q
PÙEM(OGOXÜ
ÞcQ
Ùﬃ_
M(OEIGK;Ù8Ù
Q
I3Ú
q
OGÙ
ÞcU
Ù
Q
IÛß
o
K+Ù}OXÙ
\
R
Q
_fM
V
IGÙÚ
Q
M#I3Ü
^
ÙlK;M(OEI3K;Ù
Y
ÚGRcP
V
Ù
U
I3KNM#I{I3K;Ù8ÚGM(_;Ü/Ý+O
M
VTÞ
RcÚGÜI3K
U Y
ÚXÙOXÙ
Q
I3Ùﬃ_Ü
Q
OXÙ
\
I3Ü/R
Q
·+ß
Ã
SuÜ
V/V
M
V/U
RcOXI
\
ÙÚ2I>M(Ü
Q;VTqw`
M(Ü
V t
OGR±I3K;M#IdM
x
s:Ù_*M
^
ÙÚﬁZ
M
Þ
ÙLÚ3M#_;Ü/Ý;OdKNM(OdI3RkPÙM(OGOXÜ
ÞcQ
Ù_zß(6NÝ;ÚXIGK;ÙÚ
U
RcÚXÙLIGK;Ù{OXÙÛM(Ú
\
K
`
RcÚ9M
V
RSeÙ
Q
ÙﬃÚ
Þ(q
OGÙ
ÞcU
Ù
Q
I
Ü/OdÙÚXÚGRcÚﬁZ
Y
ÚXR
Q
Ù
t
M#OrM
V
R)S Ù
Q
ÙﬃÚ
Þ(q*\
M
Q
M
V
OXRkPÙ
\
M(Ý;OXÙ_~P
q}\
ÚGR(OGOXI3M
V/è
RcÚ9M
Q
R#I3K;ÙﬃÚ|Ü
Q
IGÙÚ2Z
`
ÙÚXÙ
Q;\
Ù(ßpHJIEKNM(OLI3K;ÙﬃÚGÙ
`
RcÚGÙkPÙﬃÙ
Q
_;Ù
\
Ü/_+Ù_4IGRÝ;OXÙ8M
\
R
Q
OGÙﬃÚ
^
M#IGÜ
^
ÙM
Y;Y
ÚXRM
\
KŁM
Q
_4I>M
è
Ù
ã » é\ﬃU
ß
5
IWÙ
Q
ÙﬃÚ
Þ
ÜTÙOM#PR
^
Ù
m(écéè
Ù]à M
U
MÄXR(ÚGÜTI
q
R
`
I[SvR#Z[OXÙ
ÞcU
Ù
Q
IWÙ
^
Ù
Q
IGO
t
SuK;ÙÚXÙ
I3K+Ù|OGÙ
ÞcU
Ù
Q
I3O.M#ÚGÙ
Q
R(I
Q
ÙÜ
Þ
KPRcÝ;ÚXO
t
KNM
^
Ù|IGK;Ù|K+Ü
Þ
K;ÙﬃOXIgÙ
Q
ÙﬃÚ
Þ(q
_;Ù
Y
RcOXÜTIGÜ/R
Q
Ü
Q
IGK;Ù|Ù
Q
I3Ú
q
OGÙ
ÞcU
Ù
Q
I±M
Q
_4I3K;ÙkM
Q;Þ(V
ÙwR
`
I3K+ÙlOGÙ
ÞcU
Ù
Q
I{SuÜI3KIGK;Ù
U
M!s:Ü
U
Ý
U
Ù
Q
ÙÚ
Þ#q
_+Ù
Y
RcOGÜI3Ü/R
Q
ÜTO
M(OXOGÜ
Þ(Q
Ù_iI3RK
8
æ
·
§T
ß

^
Ù
Q
IGOlSuK;ÙﬃÚGÙiI3K;ÚXÙÙ}RcÚ
U
RcÚXÙiOGÙ
Þ(U
Ù
Q
IlM(ÚXÙ*K;ÜIwM(ÚGÙiI3ÚXÙÛM#IGÙ_bOGÜ
U
Ü
V
M(Ú
VTq
ßÉãgÙ
V
R)S M~¬NZ
Ù
Q
ÙÚ
Þ#q
R
`vmcécéè
Ù^à I3K;Ù±OXÙ
ÞcU
Ù
Q
ISuÜI3K~I3K;Ù
U
M!s:Ü
U
Ý
U
Ù
Q
ÙﬃÚ
Þ(q
_+Ù
Y
RcOGÜI3Ü/R
Q
Ü/OÝ;OXÝNM
VTVTq
Q
R(IIGK;Ù9Ù
Q
I3Ú
q
OXÙ
ÞcU
Ù
Q
I
h
OXÙÙ6­Ü
Þ
Ý+ÚGÙF·;ß
Ø
mNh

t
·
nXn
M
Q
_<I3K;Ù
U
Ü/_;_
V
ÙR
`
I3K;Ùu_;ÙI3Ù
\
I3RcÚ
U
R_:Z
Ý
V
Ù
hã » éy\Uln
ÜTOEM(OXOGÜ
ÞcQ
Ù_IGRI3K+ÙÙ
Q
I3Ú
qY
RcOGÜI3ÜTR
Q
ß
5
PR
^
Ù
mcécé*è
Ù^à IGK;Ù8M
Q+ÞcV
ÙwR
`
I3K+ÙlOGÙ
ÞcU
Ù
Q
I{SuÜI3K¯I3K;Ù
U
M!s:Ü
U
Ý
U
Ù
Q
ÙÚ
Þ(q
_;Ù
Y
RcOGÜI3ÜTR
Q
ÜTO{M#OGOGÜ
ÞcQ
Ùﬃ_I3Rä
8
æ
·
§/

t
M#OI3K+Ù
OGÙ
ÞcU
Ù
Q
IvSuÜI3KwI3K;Ù
U
Ms+Ü
U
Ý
U
Ù
Q
ÙÚ
Þ(q
_;Ù
Y
RcOXÜTI3ÜTR
Q
KNM(OvM
Y
ÚXRcPNM(P+Ü
V
ÜI
q
M(PR
^
Ùrá
é
È
IGR{PÙ
I3K+ÙLÙ
Q
I3Ú
q
OXÙ
ÞcU
Ù
Q
Iß
o
K;ÙdM
VTÞ
RcÚGÜI3K
U Y
ÚXÙOGÙ
Q
I3Ù_lÝ;OGÙﬃOIGK;ÙuOGÙ
ÞcU
Ù
Q
I
U
Ý
V
I3Ü
Y;V
Ü
\
ÜI
q
M
Q
_<I3K;Ù.¬NZ[ÚGM
q
Ù
Q
ÙﬃÚ
Þ
ÜTÙORcP:Z
m å
Ád`ª p x« |p
å
  ­¬   p  ]. ¬
æQçÊèqé7êëoìîíÊé ïqçnðÏèfñòYófëqôÖõ çnïqçÊôÖèXö ÷XõØõØðÏèfïqçnøs÷Xïqèfìîç õ_çÊèfùçnïcí4úÔæqû
ü
ïqó ý þOßTêK÷ 7æQçÊè ûìîèqé
ü
 ü 	

ç þOß.æQçÊèfì¡ðÏïqç ïoó
 ü 	

ç Éçnðîèfñcí_çnø-þOß.æQçÊèfìÏð¡ïqç ïoó

ïqó



ç Ôçnïcí_ôØçó-ódøoëoìÏç ïoó

ïqó



ç þOßK÷ 7æQçÊè ûìîèqé
ü
ﬁﬀ
ý



ç Ôçnïcí_ôØçó-ódøoëoìÏç ïoó
ﬁﬀ  


ç þOßK÷ 7æQçÊè ïoó
ﬁﬀ ü 


ç þOßK÷ 7æQçÊè ûìîèqé

ﬁﬀ
ïqó



ç þOßK÷ 7æQçÊè ûìîèqé
ü
ýùçn÷Xïoõﬃﬂ7øqóQçnõïqóXíøqçYçnïoø}ófïaíØñ7ðÏõ! *÷Xì¡ëqç
"$#&%('/Ù·+ß Ø D ÌÂqÃ ¿ÅÄÆ¾qÃÄmSfÄ ¿+¼ I_½ ¹¾d¹c¸ ½ ¹¸X¿ N ¸f»Ã ¹ N ÀÖÀnÄ »0¸qÁ¹c¸X¿ÐG.Çqº×ÈhÀÊÄË¸f»Ã ¹sÌ)ÍÏÎÐÍ LON*)+) ÁÇ ½ ÂqÃ ¹dP
RFÑf¹ÀÖ¹*»0Á¹c¸X¿sÁÂqÃ ¿ÅÄË¾qÃ[ÄmSfÄ ¿+¼Þ|~Ó0¹*»YPÌÂqÃ ¿]PV¿ÊÑf¹x¸qÂqÁhUQ¹cºÇcG¸f¹Äm»ÑqUdÇ0ÂqºÛÀhÇQG¿ÊÑf¹K¹c¸X¿ÊºM¼ÙÀÖ¹*» I
Á¹c¸X¿VÈq¸ ½ ¿ÊÑf¹s¿ÊÑf¹-, I ¹c¸f¹ºT»Q¼ ½ ¹^¿Ø¹º~ÁVÄË¸f¹QkO\ÑdÄmSÑ%Èq¸f»0Ã ¹}¿ØÇÙÈÀÖÀÊÄm»0¸eÈo¸ ½ \ÑdÄ ScÑÙºT¹^¸f¹cÁ¹c¸X¿
ÈqÃ »dÇqº©Ä ¿ÊÑqÁÜ¿ØÇ)ÂfÀ¹QP
.

|ÅÌaÈ*QÓ0¹*»o0/Á¹pÈq¸fÀÀÖ¹*»0Á¹c¸X¿ﬀÈq¸f»0Ã ¹ÇQG:¿ÊÑf¹`ÀÖ¹*»0Á¹c¸X¿Õ\FÄ ¿ÊÑV¿ÊÑf¹ﬃÁÈ*oÄËÁÂqÁ ¹¸f¹cºT»c¼
½
¹¾dÇ
I
ÀÊÄ ¿ÅÄmÇ¸ok
.

|~Ó0¹*»ÃÄË¸f¹p1/eÁ¹pÈq¸fÀÈq¸f»0Ã ¹ÇQG ¿ÊÑf¹À¹^»0Á¹¸X¿ÖÈf¿ÅÄ Ç0¸-ÃÄË¸f¹hUd¹^¿.\Õ¹^¹c¸h¿+\lÇ%¸f¹fÄm»0ÑqUQÇ0Âqº©ÄÆ¸f»
ÀÖ¹*»0Á¹c¸X¿ØÀ]k
.
\l¹Äm»ÑX¿Ø¹
½K
|~Ó0¹*»0Ã[ÄË¸f¹p1/eÁ¹pÈq¸fÀ¹¸f¹cºT»c¼V\l¹Ä »0ÑX¿Ø¹
½
Á¹pÈq¸zÈqÃÆÂf¹ÇQG:¿ÊÑf¹¿.\ÕÇaÀÖ¹*»
I
Á¹c¸X¿ÉÈo¸f»Ã ¹*À×ÇQG¿.\ÕÇ}¸f¹fÄm»0ÑqUQÇ0Âqº©ÄÆ¸f»`À¹^»0Á¹c¸X¿ØÀ]kqÈo¸
½
.32
¹¸X¿ÊºT¹ÐÇQG×Ì}Ç
½
ÂqÃ ¹4/ﬃÁ¹pÈq¸fÀ
ã65
WSÁ
7
¿ÊÑf¹V¹c¸X¿ÊºÛ¼ﬃÀ¹^»0Á¹c¸X¿Ä À`Âq¸
w
¸fÇp\¸7P
8
ÙﬃÚ:9(Ù;=<?>A@CB+ÙED<cÚGÙE#&>+;F@GB;ÙHB;ÜI@
8
Ù
Þ?J
Ù>K@
8
@C<L#
8:8
Ü
Þ
>M#>N#&>
Þ
'/Ù
8
æ1OQPIRTS4U+V
<cÚW#
8
Ù
Þ?J
Ù>K@
J
Ý('X@3ÜIY('/ÜIDÜI@0Z-#&%[<9(Ù\@0]^<_#&'
8
<`@CB+ÙAa:>;ÙﬃÜ
Þ
Bb%c<cÝ;ÚGd	e0Y;Ú:<?YÙﬃÚ:@0ZkÜ
8
ÚXÙ'TÙ9#&>K@Ûß
5
>A<ﬁ9(ÙÚ39:ÜTÙ]f<
V
@CB+Ù\#&'
Þ
<cÚGÜX@CB
J
D#&>L%Ù
V
<cÝ(>(;kÜT>L"g#&%+'/ÙF·;ß
Ø
U
@CB;Ù
8
Ù
Þ&J
Ù>b@
1435
#&'
Þ
<cÚXÜI@CB
JL8!J
Ù>K@GÜT<?>;Ù;
@CB+ÙÚGÙh]uÜI'T'i%Ùh; Ù
8
DÚXÜT%Ù;ÜI>j@CB;Ù
V
<?'I'T<]uÜT>
Þk8
ÙD@3ÜI<?>zß
l
>;Ùh<
V
@CB;Ù
J
<
8
@uÜ
J
Y[<cÚ3@#&>K@
V
Ù#@GÝ;ÚGÙ
8
<
V
@GB;Ü
8
%(#
8
ÜIDh#&>
Þ
'TÙh#&'
Þ
<cÚGÜX@CB
J
Ü
8
@CB;ÙÜI>(; ÙYÙ>me
; Ù>(DÙn<
V
@CB+Ù9ÚXÙ
8
Ý+'I@
8
<
V
@GB;ÙdÚC#&; ÜTÝ
8
#&'
Þ
<cÚGÜX@CB
J
ß&"*B-Ý
8
@CB;Ù9ÚC#&; ÜTÝ
8
#&>(;o#&>
Þ
'TÙn#'
Þ
<cÚXÜI@GB
J
#(ÚXÙkÜI>(; ÙYÙ>+; Ù>K@p#&>+;4ÜI@Ü
8
Ü
J
Yc<
8G8
ÜT%('TÙ`@CBq#	@`#
V
# ÜT'/Ý+ÚGÙ-<
V
@GB;ÙlÚG#&; ÜTÝ
8
#'
Þ
<cÚXÜI@GB
J
D#&>
D# Ý
8
Ùp#
V
# ÜT'/Ý+ÚGÙE<
V
@CB;Ù`#&>
Þ
'TÙ`#&'
Þ
<cÚGÜX@CB
J
ß 6NÝ;Ú:@GB;ÙÚ
J
<(ÚGÙ{ÜX@|Ü
8
<?>('XZF>;ÙDﬃÙ
8G8
#(Ú:ZN@C<rD<
J
e
Yq#(ÚXÙ_@GB;Ù
8
Ù
Þ?J
Ù>K@sB;ÜI@EYq#@:@3ÙﬃÚG>t#&>+;u@CB+Ù
8
Ù
Þ?J
Ù>K@{Ù>;ÙÚ
Þ
Ü/Ù
8Uv8
<N@GBq#@E@CB;Ù_D<
J
Y;Ýw@3ÜT>
Þ
@3Ü
J
ÙxD<?>
8
Ý
J
Ù;Ü
8
>;Ù
Þ
'/Ü
Þ
ÜT%('TÙx#&>+;F@GB;ÙE#&>q#&'XZ
8
Ü
8
D#&>*Ù49cÙ>N%ÙE;+<?>;ÙWÜT>8ÚXÙ#&'i@GÜ
J
Ù(ß
ﬁﬃﬂ 
$jy &'
FzeK{
y
m|,
y[}K$)'+&~	}
ﬂ$|
#
"*B;Ù-%q#
8
ÜTDs#&>
Þ
'TÙ`#
8:8
Ü
Þ
>
J
Ù>K@h#&'
Þ
<cÚXÜI@CB
J
;(<:Ù
8
>(<&@|Ù
J
Y('T<ZM#&'I'v@GB;ÙEÜT>
V
<cÚ
J
#@3ÜI<?>AD<?>me
@# ÜT>;Ù;yÜT>F@CB;Ù
8
Ù
Þ?J
Ù>K@hY+Ý('
8
Ù
8
@G<o<?%+@C#(ÜT>M@CB;ÙkD<K#(Ú
8
Ù-#>
Þ
'/Ùﬃ
8
æ1OQPIRTS]â
@GB;Ù
8
Bq#&YÙ`<
V
@CB+Ù
mmA\EÖ-$xŁ1|×4*  xvŁ] d
8
Ù
Þ?J
Ù>K@FY;Ý('
8
Ù
8
Ü
8
>+<&@jZcÙ4@Ý
8
Ù;zß
l
>;Ù@GB;ÙÚXÙ
V
<cÚXÙ@GÚGÜTÙ
8
@C<<?%w@#(ÜI>#aÚXÙq>+Ù;#>
Þ
'/Ù
qC
S*V
ÚG<
J
@GB;Ùs%q#
8
ÜTDs#&>
Þ
'TÙ} 8
æ1OQPTRTS
%KZ*Ý
8
ÜI>
Þr8
Ù
Þ?J
Ù>K@:e
1435
ßc"]^<A#'
Þ
<cÚXÜI@GB
JL8
]uÜI'T'%Ù
Y;ÚXÙ
8
Ù>K@3Ù;
U
@CB;Ù4Z# ÚGÙFB(<]gÙ49cÙÚj'TÜ
J
ÜI@GÙ;t@C<uDÙÚ3@#(ÜI>
8
Ù
Þ?J
Ù>K@jB;ÜX@oY(#@G@GÙÚG>
8
ßﬀã^<&@CB#&'Xe
Þ
<cÚXÜI@GB
JL8
Bq#9cÙ-%ÙÙ>
8
Ü
J
Ý('#	@3Ù;Ý
8
ÜI>
Þ
@CB+ÙEÜ
8
<&@3Ú:<?Y;ÜTDLÜ/ÚXÚC#&;+Ü#@GÜT<?>
Þ
Ù<
J
Ù4@3Ú:ZA]uÜX@CB=@CB+Ù
8
<(Ý;ÚGDﬃÙx#&'TÜ
Þ
>+Ù;-]uÜI@GBkÚXÙ
8
YÙD4@^@G<H@GB;Ù
J
<m; Ý('TÙQ
8
DﬃÙ>K@3ÚXÙ'TÜT>;Ù#ßo6<(Ú@GB;Ù
J
Ù#
8
Ý+ÚGÙ
J
Ù>K@
8
@CB+Ù
D<&'T'/Ü
J
#	@3Ù;LYÙﬃÚGYÙ>(;+ÜTDÝ+'#(Ú.ÜTÚGÚC#; Ü#@GÜT<?>oBq#
8
%ÙﬃÙ>}Ù
J
Y('T<Z(Ù;zß
"*B;Ù
J
<
8
@WY[<]vÙÚ
V
Ý('
8
Ù
Þ&J
Ù>b@3e
1435
#&'
Þ
<cÚGÜX@CB
J
Ü
8
@GB;Ùk'I<
Þﬁ 1w K
 ¡ + K?¢
#&'
Þ
<(ÚGÜI@GB
J£+5
'
Þ
ß Ø
¢
ß
¤Q@-D#&>%ÙÝ
8
Ù;
U
Ü
V
 8
æ1OQPIRTS
Ý(>q#
J
%;Ü
Þ
Ý+<cÝ
8
'XZ¥; Ùq>+Ù
8
@CB;ÙlÙ>K@3Ú3Z
8
Ù
Þ?J
Ù>K@_#&>(;ŁÜ
V
%[<&@GB
>;ÙﬃÜ
Þ
Bb%c<cÝ;Ú
8
<
V
@GB;Ù{Ù>b@GÚ:Z
8
Ù
Þ?J
Ù>K@h#(ÚXÙs>(<@xB;ÜX@Ûß
5x8
@CB;Ù
8
Ù`D<?>(; ÜX@3ÜI<?>
8
#(ÚGÙ
V
Ý('I('T'/Ù;A%bZ
#&'I'
l
3

8U
@CB+Ü
8
#&'
Þ
<cÚGÜX@CB
J
D#>F%ÙE#&Y(Y('TÜ/Ù;A@G<_#@'/Ù#
8
@  á&¦§<
V
#&'T'j6l
8
ß
¤0>t@CB;Ü
8
#&'
Þ
<cÚGÜX@CB
J
@GB;ÙADBq#(Ú
Þ
ÙjY;Ý('
8
Ùj<
V
@CB;ÙA>;ÙﬃÜ
Þ
Bb%c<cÝ;Ús]uÜX@CBt@CB+Ùj'T<]gÙﬃÚ±ÜT>(;+Ù4¨
9ª©L«ﬁ¬
Ü
8
D<
J
Yq#(ÚXÙ;=]uÜX@CBN@GB;Ù-DBq#(Ú
Þ
Ù`Y;Ý('
8
Ù`<
V
@CB;Ù`>+ÙÜ
Þ
Bm%c<cÝ;Ún]uÜI@CBM@CB;Ù-B;Ü
Þ
B;ÙﬃÚ|ÜT>+; Ù4¨
9­E«®
ß
"*B;ÙF#&%
8
<?'/Ýw@3ÙjDBq#(Ú
Þ
Ù
8
@3Ù
J
Yc<cÚG#(ÚGÜI'IZu#&DDﬃÝ
J
Ý('T#@3Ù;<?>t@CB;ÙA>;ÙﬃÜ
Þ
Bb%c<cÝ;Ú
8
Ù
Þ?J
Ù>K@
8
#(ÚXÙ
Ù9#&'TÝq#@GÙ;#&>+;¯
«	¬
¯ °
O²±
#&>(;³¯
«®
¯ °
O²±	U
]B;ÜIDB#(ÚGÙs; Ùq>+Ù;¥#
8
@GB;Ù
J
#	¨:Ü
J
Ý
J
9#&'TÝ;Ù
8
<
V
@CB+Ù-#&%
8
<?'/Ý+@GÙ`DBq#(Ú
Þ
Ù-Y;Ý('
8
Ù
8
<
V
@CB;Ù`@0]<A>;ÙÜ
Þ
Bb%[<(Ý;Ú
8
<
V
@CB;Ù±Ù>b@GÚ:Z
8
Ù
Þ&J
Ù>b@
8
ÙﬃÙp#&'
8
<
6­Ü
Þ
Ý;ÚGÙ

ß
ØX
<?>´Y(#
Þ
ÙH·á
¢
U
#(ÚGÙND<
J
Yq#(ÚXÙ;zß
5x8
D#&>´%Ù
8
ÙﬃÙ>
V
ÚG<
J
@GB;Ù
8
Ü
J
Ý('T#@3ÜI<?>
8
Y;ÚXÙ
8
Ù>K@3Ù;¯ÜI>ä6­Ü
Þ
Ý;ÚGÙ·;ß
Øf
U
'T<
Þ	 0( K
 ¡ (
KK¢
Ù4¨wB;ÜI%;ÜI@
8
#
8
@3ÚG<&>
Þ(U
#&'
J
<
8
@3e0'TÜT>;Ù#(ÚD<(ÚGÚGÙ'#@GÜT<?>
]uÜI@GB¥@GB;Ù_#&>
Þ
'TÙ`]uÜI@GB;ÜT>@CB+Ù
8
Ù
Þ?J
Ù>K@
U
@GB;ÙpD<cÚXÚGÙ'#@GÜT<?>~Ü
8
; ÜIµÙÚXÙ>K@
V
<cÚH; ÜIµÙÚXÙ>K@
8
Ù
Þ
e
J
Ù>K@
8
; Ý;ÙW@C<k@GB;Ùn#&>;Ü
8
<&@3Ú:<?YKZp<
V
@GB;Ùx;+ÚGÜ
V
@9(Ù'T<mDÜX@0Z-<
V
@GB;ÙdÙ'/ÙD@GÚG<?>
8
ßw"*B+Ù
8
@GÚGÙ>
Þ
@CBL<
V
@CB+Ù*D<cÚXÚGÙ'T#@3ÜI<?>s;+ÙYÙ>(;
8
<?>`@GB;Ù#&D4@3Ýq#&'	¶¥Å]× ¦_]¥:·m¸]© ~¥G·K¹Q ¦¤qg#&>(;)jw<?>`@CB;Ù.Ù>K@3Ú:Z
ÚC#; Ü/Ý
8U
]uÜI@GB`@CB;Ù]vÙ#
è
Ù
8
@^D<cÚGÚXÙ'T#@3ÜI<?>
V
<cÚ!NÚ
8
@3e[ÜT>K@GÙÚC#D@3ÜI<?>EÚG#&; Ü/Üw<
V
#&%[<(Ý+@
Ø
ßáxD
J
#>(;
#
8
@GÚG<?>
Þ
ÙÚD<cÚXÚGÙ'#@GÜT<?>
V
<cÚ*B+Ü
Þ
B;ÙﬃÚ.ÚC#&;+Ü/Ü ß
6q<cÚW#&'T'O6l
8U
]B+ÙÚGÙH@CB+Ü
8
#&'
Þ
<(ÚGÜI@GB
J
D<cÝ('I;M%Ùk#&Y(Y('TÜ/Ù;
U
@CB;Ùk#&>
Þ
Ý('#(ÚuÚXÙ
8
<&'/Ý+@GÜT<?>j]^#
8
8
Ü
J
Ý('T#@3Ù;
V
<cÚW#
8
ÜT>
Þ
'/ÙkºM¤
¨
¤Øã
5\»»J
<m; Ý('TÙ(ß("*B;Ù`#&>
Þ
Ý('T#(Ú.ÚGÙ
8
<?'TÝ+@3ÜI<?>A]#
8
<?%+@C#(ÜT>;Ù;
ÜT>-@GB;Ù
8
#
J
Ù]^#Z_#
8
@CB;ÙuÚC#; Ü#&'+ÚGÙ
8
<?'/Ýw@3ÜT<&>wÜI>
8
ÙD4@3ÜT<&>K·;ß½¼:ßo6q<cÚ°Ù#&DB
8
Ù
Þ?J
Ù>K@^#ED<cÚGÚXÙ'Xe
#@GÜT<?>jY('I<&@]^#
8WJ
#&;+Ù
U
]B;ÜIDBiÜT>(D'/Ý(; Ù;F#&'T':6Ô4
8U
]B;ÜTDBFBq#&;j@CB+ÙÜ/Ú;Ú
8
@dÜI>b@GÙÚG#&D@GÜT<?>
8
ÜT>@GB;Ù
8
Ù'TÙD@GÙ;
8
Ù
Þ&J
Ù>b@ß
5x8
@CB;Ù_; ÙYÙ>(; Ù>+DÙo<
V
@CB+ÙL#>
Þ
'/Ù-<&>u'I<
Þ	 0w K
 ¡ (
K&¢
]^#
8
ÜT>we
9cÙ
8
@GÜ
Þ
#@GÙ;='I<
Þﬁ 


K
 
 

K
¢
%ÙD#
J
ÙE@CB;ÙH¨be#&>(;M@CB;Ùs#&>
Þ
'TÙE@GB;ÙkZKe0D<w<(ÚG; ÜI>q#@3Ù#ß
»
ÜI>;Ù# ÚW(@
8
<?>j@CB+Ù
8
ÙEY('I<&@
8
ZÜ/Ù'T; Ù;F@GB;ÙHD<cÚXÚGÙ'#@GÜT<?>
V
Ý+>(D@GÜT<?>
8*V
<cÚ.Ù#&DB
8
Ù
Þ&J
Ù>b@*D
(
S
«ﬁ¬¾C«®$¾

8
æ1OQPTRIS
¢¿fÀ
9


8
æ1OQPTRTS
¢gÁ
'I<
ÞLÂ
¯
«ﬁ¬
¯ °
O²±
¯
«®
¯ °
O²±bÃÄ
ÀÅ


8Æ
OQPTRIS
¢
ÇÈ:ÉﬁÊËÌªÍ:Î4ÏÍ3ÐÑÓÒ!Ñ¡ÔﬁÍÌ¡Í3ÎÏÍ3ÐÑÕÖ×Ñ²ÔnÑ²ÔﬁÍÓØ½ÊÕ[Í:ËÙÖ½Ð	ÚÍ3ÛWÖÌÌªÍ:Î4ÏÍ3ÐÑÜﬁÝ
ÇßÞGÉﬁÊËÌªÍ:Î4ÏÍ3ÐÑÜ^Ñ¡ÔﬁÍÌ¡Í3ÎÏÍ3ÐÑÕÖ×Ñ²ÔnÑ²ÔﬁÍÓÔﬁÖ½Î4ÔﬁÍ:ËÖàÐÚÍ1ÛWÖÌÌ¡Í3ÎÏ^Í:ÐÑ!ÒÝ
&á
å
ÁW`ªx$â mx«hâx$â
å
 ¬ Ł  $xvŁ]* ¬
-1
0ã
1
2
0ã 50ä 100 150
-1
0ã
1
2
0ã 50ä 100 150
-2
-1
0ã
1
2
0ã 50ä 100 150
r1=1.500000 bis r1=2.000000 phi Ladung allg Puls rlå
Seg. 2     Seg. 1     Seg. 6
1.5cm<Radius<2.cm
r1=2.000000 bis r1=2.500000 phi Ladung allg Puls rlå
Seg. 2     Seg. 1     Seg. 6
2.cm<Radius<2.5cm
r1=2.500000 bis r1=3.000000 phi Ladung allg Puls rlå
Seg. 2     Seg. 1     Seg. 6
2.5cm<Radius<3.cm
lo
g(
---
--)
|q -
| ma
x
|q +
| ma
x
Segment Angle [æ  deg. ]
r1=3.000000 bis r1=3.500000 phi Ladung allg Puls rlå
Seg. 2     Seg. 1     Seg. 6
3.cm<Radius<3.5cm
-2
-1
0ã
1
2
0ã 50ä 100 150
çgèIé?ê(ëGìﬀ·(íXî
wïdÓ ÄËÁÂqÃmÈX¿Ø¹
½Eð
Çqº~ºÛ¹cÃmÈX¿ÅÄmÇ¸Ç&ñ ¿ÊÑf¹
'I<?é

 0w
K
 
 

K
¢vò
Ä ¿ÊÑ

Èf¿ÉÈq¸¹¸f¹cºÛ»Q¼ÇñÙó&ô?ôkõÊ¹4ö÷
ø
Ñf¹Ä ÀÇc¿ÊºTÇ0¾dÄ
ð
ÄÆº~º¦È
½
Ä ÈX¿ÅÄmÇ¸`»d¹^Ç0Á¹]¿ÊºÛ¼ù
ò
Ñf¹ºT¹F¿ÊÑf¹ÀÖÇ0Âqº
ð
¹ÄmÀ¾dÇdÀÊÄ ¿ÅÄ Ç0¸f¹
½Lú
ô(÷×û
ð
Á È
ò
È^¼nñ_ºTÇ0Á
¿ÊÑf¹
½
¹]¿Ø¹
ð
¿ØÇqºhÈq¸
½
ÈoÃ[Äm»0¸f¹
½
ò
Ä ¿ÊÑ ºÛ¹*Àn¾d¹
ð
¿-¿ØÇ¿ÊÑf¹,ÁÇ
½
ÂqÃ ¹üÀ
ð
¹¸X¿ÊºT¹cÃ[ÄË¸f¹ù`ÑÈÀFýd¹*¹¸ÂfÀ¹
½
÷
þ
Çoºvñ.Ç0Âqº
½
Ä ß(¹cºÛ¹c¸X¿
¶ 
ÄË¸X¿Ø¹º¦È
ð
¿ÅÄ Ç0¸ºTÈ
½
ÄÄ(ºTÈo¸f»Q¹*ÀÈo¸
½
¿ÊÑqºT¹^¹ﬃÀÖ¹*»0Á¹c¸X¿ØÀ¿ÊÑf¹
ð
Çqº~ºÛ¹cÃmÈX¿ÅÄmÇ¸aÇ&ñ
'T<&é
	 0w K
 
 
 KK¢sò
Ä ¿ÊÑä¿ÊÑf¹xÀÖ¹*»0Á¹c¸X¿-Èq¸f»0Ã ¹äÄ À-ÀnÑfÇ
ò
¸m÷
þ
Çqº¹*È
ð
Ñ"¹c¸X¿ÊºM¼"À¹^»0Á¹c¸X¿a¿ÊÑf¹
ð
ÑÈcºÛ»d¹
¾qÂqÃ ÀÖ¹*ÀﬀÇ&ñO¿ÊÑf¹
ð
Çqº~ºÛ¹*Àn¾dÇ0¸
½
ÄÆ¸f»e¸f¹Äm»ÑKýdÇ0ÂqºÛÀÑÈ
	f¹EýQ¹*¹¸}ÄË¸
	f¹*ÀØ¿ÅÄm»dÈf¿Ø¹
½
¹?÷ »q÷qÀ¹^»0Á¹c¸X¿
ú
Èq¸
½
û
ñ.ÇqºÀ¹^»0Á¹¸X¿hÈfÀl¿ÊÑf¹¹c¸X¿ÊºÛ¼`À¹^»0Á¹¸X¿ ÷
ø
Ñf¹Èq¸f»0ÂqÃ Ècº ºT¹*ÀÖÇ0ÃÂX¿ÅÄmÇ0¸ﬃÄÆÁh¾ºTÇ	f¹*ÀÓñ.Çqº×Ã ÈcºT»Q¹cº×º¦È
½
ÄÆÄ ÷

Âf¹`¿ØÇ}¿ÊÑf¹VÈq¸dÄmÀÖÇQ¿ÊºTÇ0¾]¼hÇ&ñ ¿ÊÑf¹
½
º©Ä ñ¦¿	f¹Ã Ç
ð
Ä ¿+¼aÄË¸
½
¹c¾Q¹c¸
½
¹c¸
ð
¹VÇ&ñ ¿ÊÑf¹}ÃmÈX¿_¿ÅÄ
ð
¹
½
ÄÆºT¹
ð
¿ÅÄmÇ¸bù0¿ÊÑf¹
ð
Çqº©ºT¹cÃ Èf¿ÅÄ Ç0¸fÀÃ Ç7Ç+õ
½
Ä ßj¹ºT¹c¸X¿ñ.Çqº
½
Ä ßj¹ºT¹¸X¿ÐÀÖ¹*»0Á¹c¸X¿ØÀ÷
mmA\$xŁ1*ﬀFxvŁ ﬁﬃﬂ
0ã
0.025ã
0.05ã
0.075ã
0.1ã
0.125ã
-50 0ã 50ä
0ã
0.025ã
0.05ã
0.075ã
0.1ã
0.125ã
-2 0ã 2
0ã
0.02ã
0.04ã
0.06ã
0.08ã
0.1ã
0.12ã
-40 -20 0ã 20 40 0
ã
0.02ã
0.04ã
0.06ã
0.08ã
0.1ã
0.12ã
-2 -1 0ã 1 2
Winkel
E
g
=700 keV
Bogendifferenz r0=1.000000 bis r0=1.500000
Winkel!
Fr
ac
tio
n 
pe
r b
in
Deviation Angle [ deg. ]
Bogendifferenz r0=2.500000 bis r0=3.000000
Arc Length [ cm ]
R = 2.5 - 3cm
R = 1 - 1.5cm
çgèIé?ê(ëGì ·+íIî
áwïÝÓÄËÁÂqÃmÈX¿Ø¹
½
Èq¸f»0ÂqÃ Ècº ºT¹^ÀÇ0ÃÂX¿ÅÄmÇ0¸ Èo¸
½
Ècº
ð"
Ã ¹¸f»Q¿ÊÑ ºÛ¹*ÀÖÇ0ÃÆÂX¿ÅÄ Ç0¸ Ç&ñ ¿ÊÑf¹
'T<&é

 0w K$#
 
 
 K$#
¢

ÈqÃ »dÇqº+Ä ¿ÊÑqÁs÷Íî¸H¿ÊÑf¹&%ºTÀØ¿
ð
Ç0ÃÂqÁh¸ä¿ÊÑf¹
½
¹'	dÄmÈf¿ÅÄ Ç0¸äÇ&ñ¿ÊÑf¹
ð
Çoº©ºT¹
ð
¿-Èq¸f»0Ã ¹Añ_ºTÇ0Á
¿ÊÑf¹Èo¸f»Ã ¹}¾ºTÇﬃ	dÄ
½
¹
½
ý]¼¿ÊÑf¹hÈqÃ »QÇoº+Ä ¿ÊÑqÁ Ä ÀÀ]ÑfÇ
ò
¸sñ.Çqº(%ºTÀØ¿

ÄÆ¸X¿Ø¹cº¦È
ð
¿ÅÄ Ç0¸eºTÈ
½
ÄÄýd¹^¿
ò
¹^¹c¸
úEð
Á
Èq¸
½ú
÷*)
ð
Á Èq¸
½
ñ.Çqº+%ºTÀØ¿

ÄÆ¸X¿Ø¹cº¦È
ð
¿ÅÄ Ç0¸%º¦È
½
ÄÆÄýQ¹^¿
ò
¹^¹c¸,(÷*)
ð
Á Èo¸
½-oð
Á`÷
ø
Ñf¹}Ècº
ð"
Ã ¹¸f»Q¿ÊÑ
½
¹'	dÄmÈf¿ÅÄ Ç0¸/.10
Á324
ñ.Çqº¿ÊÑf¹ÐÀ
ÈqÁ¹5%(ºÛÀÖ¿

ÄË¸X¿Ø¹º¦È
ð
¿ÅÄmÇ¸ºTÈ
½
ÄÆÂfÀ4ºTÈo¸f»Q¹*ÀÕÄmÀ
½
Ä À]¾qÃ È^¼^¹
½
ÄË¸¿ÊÑf¹À¹
ð
Ç0¸
½
ð
ÇÃÆÂqÁ¸m÷
á76
å
ÁW98x$â:m;hâx$â
å
5=<mŁ>ﬀ?$xvŁ*9<
"*B(ì>M@CB+ì
8
è
J
ê('T#@Cì;jY(ê('
8
ì
8
]ìëGìk#&>q#'IZA@ì;=#
8
ìD<?>(;M@Cè
J
ì&íw"*B(ìEì>K@Cë3Z
8
ìé
J
ì>b@W]^#
8
;(ì4@Cìë
J
èI>(ì;t%KZ @GB(ìr@CB+ìjD<K#&ë
8
ìA#&>+é?'Tìj#'Té?<?ë:èI@GB
J
íCBB+ì>@CB(ìjì49?ì>K@_Bq#&; #
8
ê(èI@C#&%('Tì
B(èX@xYq#	@G@CìëG>
U
@CB+ìsëGì4q>(ì;#&>(é?'IìE]^#
8
<?%+@#èT>(ì;Nê
8
èT>(éo@GB(ìsD<?ëGë:ì'T#@CèI<?>
V
ê(>(D@GèT<?>M<
V
@CB+ì
;(ì4@Cìë
J
èI>(ì; ì>K@Cë3Z
8
ìé
J
ì>K@í$"*B(ìr;(èXµÙìëGì>+Dìr%cì@0]ìì> @GB(ìrD<&ëGëGìD@-ì>K@Cë:Z #&>(é&'Tìr#>(;
@CB+ìo#&>+é?'Tìp<?%+@C#&èT>+ì;
V
ëG<
J
@GB(ìo#'Té?<?ë:èI@GB
JMU
@CB(ì_;(ì49wèT#@CèI<?>u#&>(é?'Iì
24
U
]^#
8
Y('T<@G@Cì; èI>
#L<&>(ì4eQ;(è
J
ì>
8
èT<?>(#&'B(è
8
@C<?é&ëC#
J
íED
8
ìD<?>(;=B(è
8
@G<?é?ëC#
J
]#
8
q'T'Iì;A]èI@GBM@CB+ì`#&ë:Dk'Iì>(é&@GB
;(ì49wèT#@CèI<?> .10
Á2F4
U
]B(ìë:ì .10 ]#
8
@CB+ìWqë
8
@^èT>K@CìëC#&D4@CèT<&>_ëG#&;(èIê
8
<
V
@CB+ìnì49?ì>K@í+¤0>o<&ëG;(ìë
@C<s;(ì
J
<?>
8
@CëC#	@Cìn@GB(ìxqë
8
@3e0èT>K@GìëC#D@CèI<?>weQëC#&;(èIê
8
;(ìYcì>+;(ì>(DìH<
V
@CB(ì\#&'Té?<&ëGèI@GB
JFU
@CB(ìWqë
8
@
èT>K@GìëC#D@CèI<?>AëC#&>+é?ì
8
%cì@0]ìì> îkD
J
#&>(;¥î?íHGpD
J
#&>(;F%[ì4@0]^ìì>¼míIG-D
J
#>(;KJpD
J
]ìë:ì
8
ì'TìD@Cì;ií
"*B(ìëGì
8
ê('X@
8
<
V
@CB(ì
8
è
J
ê('T#@CèI<?>-#&ë:ì*Y('T<@G@Cì;pèT>_çgèTé&ê(ëGì·(íXî á í&"*B(ìW#&>(é?ê('T#&ë!ë:ì
8
<&'Tê+@GèT<?>-è
8
è
J
Y(ë:<ﬁ9mèI>(éh]èI@CBLèT>(DëGì#
8
èI>(éE(ë
8
@^èT>K@CìëC#&D4@CèI<?>LëG#&;(èIê
8U
]B(èI'Tì@CB(ìn#&ë:D4e0'Iì>(é@CB_ëGì
8
<?'Têw@CèT<&>
.10
Á724
U
]B(èTDBu;(ì@Gìë
J
èT>+ì
8
@CB(ì_Yc<
8
èX@CèT<&>ëGì
8
<?'Têw@CèT<&>
U
ëGì
J
#èT>
8
#&'
J
<
8
@HD<&>
8
@C#&>K@
V
<&ë
ëC#;(èTèi%cì@0]ìì> î?íHG`D
J
#&>+;LJwíIG`D
J
í
"*B(ì
8
è
J
ê('#@GèT<?>
8
]^ìëGìLD<
J
Yq#&ë:ì;]èI@CB
J
ì#
8
ê+ëGì
J
ì>K@
8U
]B(ìë:ìL@GB(ì
8
ìé
J
ì>K@kDBq#&ë:é?ì
Y(ê('
8
ì
8
]^ìëGì`;+èTé?èX@CèM@ì;Fê
8
èI>(éj#j¼ﬃG
6
ºKN/@
á
eQ%(èI@nçg'T#
8
BEDOQP e
8
Z
8
@Cì
JSR
B #'
ﬂ
¼
T²íUD D<?'T'IèXe
J
#@C<?ë ]èI@GBj#`B(<&@
8
Y[<@*<
V
·
J_J
;+è#
J
ì@Gìë]^#
8
ê
8
ì;j@C<sY[ìëGYcì>(;(èIDê('T#&ëG'XZ_èTëGëG#&;(èT#@Cìn#
8
èI>(é?'Iì`ºM¤WVW¤Øã5D
»»J
<m;(ê('Iì
U8
<L@CBq#@n@CB(ì
,
e0ëC#ZFì>K@Gë:ZMëC#&;(èIê
8
.YX
#&>(;#>(é?'Tì
4
X
]ìë:ì
ì[Zbêq#'i@C<p@CB(ìhqë
8
@WèT>K@CìëC#&D4@CèI<?>jëC#&;+èTê
8
.10
#&>(;F#&>(é&'Tì
4
0
U
ëGì
8
Y[ìD@GèI9?ì'IZ&í
¤0>-çgèIé?ê(ë:ìﬀ·(íXî
ﬂ
@CB(ìëGì
8
ê('I@
8
<
V
@CB(ì
8
ì
J
ì#
8
ê(ëGì
J
ì>K@
8
#&ë:ì^Y(ë:ì
8
ì>K@Cì;
V
<&ëvqë
8
@gèT>K@CìëC#&D4@CèT<&>
ëC#;(èTè$<
V
î&íIGrD
J
#&>(;¥<
V
¼wí
á
GjD
J
#&>(;@0]<
8
ìëGèIì
8
<
V
#&>(é&'Tì
8
]èX@CB(èI>@CB(ì
8
ìé
J
ì>K@í(D
8
ì4¨wYcìD4@Cì;
UvV
<?ëE#jëC#;(èTê
8
<
V
î?íHGAD
J
@CB(ì_#&>+é?ê('#ëhëGì
8
<?'Têw@CèT<&>
24
è
8
<&>('IZ
J
<m;(ìëG#@Cì
U
#
J
ì#
8
ê(ëGì;L9#&'Tê+ìW<
V
J+î]\^ç^B_Nxº ;(ì;(ê(Dì;
V
ëG<
J
#a`H#&ê
8:8
èT#&>-(@@G<E@GB(ìWDê(ë39?ìWBq#
8
%[ìì>
<?%+@C#&èT>+ì;
U
îbG\LBq#9?ìF@C<¥%[ìM#@:@CëGèI%(ê+@Gì;@C<@CB(ìAq>(èX@Cì
8
èc@ìF<
V
@GB(ìMB+<&@
8
Y[<@
UÓ8
<¥@CBq#	@
#&>u#&D@Gêq#&'ëGì
8
<?'Iê+@CèI<?><
V
¼ﬃGﬃ\kçdB_N\º è
8
;(ìë:èI9?ì;iíeD@-¼mí
á
GrD
J
#&>uìﬃ¨wDì'I'Tì>b@s#&>(é&ê('#&ë
ëGì
8
<?'Iê+@CèI<?>´<
V
îp·f\Fç^B_N\º Bq#
8
%cìì>
J
ì#
8
ê(ëGì;
U
B(ìëGì@CB(ìD<&'T'Tè
J
#	@C<?ëpD<&>b@GëGèI%(ê+@Cì
8
<?>('XZ
á
\
Ug8
<=@CBq#@-#&>#&D@Gêq#&'ë:ì
8
<?'Tê+@GèT<?>u<
V
î?î
\
ç^B_Nxº ëGì
8
ê('I@
8
í^D
8
#=ëGì
8
ê('X@-<
V
@CB+ì
è
J
Y(ë:<ﬁ9&ì
J
ì>K@!<
V
@CB(ì#&>(é?ê('T#&ëvëGì
8
<?'Têw@CèT<&>k]èI@GBsë:è
8
èI>(éxëG#&;(èIê
8
@GB(ì#&ë:D4eQ'Tì>+é&@CBkëGì
8
<?'Têw@CèT<&>
.10
Á[24
ëGì
J
#&èI>
8
#'
J
<
8
@^D<?>
8
@#&>K@í("*B(ìh]èT;+@GBj<
V
@CB(ì
J
ì#
8
ê(ë:ì;A;(è
8
@Cë:èT%(êw@CèT<&>
8
#@*#&>
ì>K@Gë:ZF#&>(é&'Tì\<
V
6
\
è
8
D<
J
Y(#&ëC#&%+'Tì\]èI@GBj@CBq#@<
V
@GB(ì
8
è
J
ê('#@Gì;j;(è
8
@GëGèT%+ê+@CèI<?>
8
í
Dx'X@CB(<&ê(é?B

Dx'Té+íIî
¢
è
8
9?ìë3ZYc<]^ìë
V
ê('
U
èI@oD#&>+>(<&@j%cì#&Y(Y+'TèTì;³@C< ì9?ì>K@
8U
]B(ìëGì<?>+ì
>(ìèTé?Bb%c<?ê(ë<
V
@CB(ìEì>K@Cë3Z
8
ìé
J
ì>K@xè
8
B+èI@íENnìë:ìE@GB(ì
8
ìD<?>(;=#&'Té?<&ëGèI@GB
J£
Dx'Ié(í½¼
¢
D#>N%cì
ê
8
ì;o@GBq#@
J
#ﬃgì
8
ê
8
ìn<
V
@GB(ìnD<?ëGë:ì'T#@CèI<?>p%[ì4@0]^ìì>r@CB+ìx#&>+é?'Tì*]èI@GB(èT>p@CB+ì
8
ìé
J
ì>K@*#>(;
mmA\$xŁ1*ﬀFxvŁ á î
0ã
0.02ã
0.04ã
0.06ã
0.08ã
0.1ã
0.12ã
-50 0ã 50ä
0ã
0.02ã
0.04ã
0.06ã
0.08ã
0.1ã
0.12ã
-2 0ã 2
0ã
0.02ã
0.04ã
0.06ã
0.08ã
0.1ã
0.12ã
-40 -20 0ã 20 400
ã
0.02ã
0.04ã
0.06ã
0.08ã
0.1ã
0.12ã
-2 -1 0ã 1 2
x-0.95y1.15e662.dmplrw6
Cs  662 keV137
-20o 0h o 20i o
x-0.95
ausx1.4y-2.45cs137.dmplrw3j
Fr
ac
tio
n 
pe
r b
in
Segment Angle [æ  deg. ]
-30o -20o-10o 0o 10o 20o 30o
ausx1.j
Arc Length [ cm ]
R=2.85cm
R=1.5cm
çgèIé?ê(ëGìlk(íXî
ﬂ+ïnmo]pbqrfsMo[t1pvubwnrfxypszs$o[q>{|x}r
~y{|upvubtQps
ð
x oubwﬃ~Qs$o[q>{|x}r
~y{|u/{&ñ~bo
'I<?é

 


K$#
 ¡ +
K$#
¢
pfx w7{fs ~f`÷d=q"Hubw|x omŁC
)w)
Y{ntErfx oKpq_ý7o'ouIss$pt|ypb~Wo't7os7oubt|
ð
rfx psx rbqIubwp
ð
{nxHx}H9p
~Wo[tq{|rfs
ð
o&÷
ø
bob{ﬃ~q"7{ﬃ~,{&ña~bo
ð
{nxHx}H9p
~W{fspqpt|ypvYo'~Wos{&ñ_1s÷
þ
{fs
p%zsMq>~

Iu
~Wosp
ð
~y{nuspbt|Irbq{&ñ
ú
÷)
ð
~boKt|yqW~s½ýfr
~y{|ubqpñ3{fs
-¥ð
{|x}x}H9p
~W{fsﬃ{7q" ~y{|ubqFpsMo
q"b{
ò
ubù!ñ3{fs/ps$pt|Hrbq{&ñ(÷})
ð
 ó7{7q ~ {|ubq psMosMo[q>ou
~Wo[t÷
ø
bo&pvx w7{fs ~f
ð
pfu{|ufx 
ý7o rbq>o[tqù
ò
bouLý7{ﬃ~ubo w|Ký7{nrfsIubwq>o[w|You
~Wq/psMo ub{ﬃ~7 ~4÷
þ
{fsxypsMw7o spbt|HnpKý7{ﬃ	bo9(÷*)
ð

pfuo¡
ð
ox}x ou
~&pvubwnrfxyps sMo[q>{|xHr
~ {|u

%zsMq>~
ð
{|x}rfu
ð
pfu³ýﬃop
ð
7yo	bo[tqù
ò
7Ix o~bo¢pfubw|rfxyps
s$o'q{nxHr
~y{nu&pb~
ú
÷)
ð
£yqQ{|ufx Y{ntfosp
~Wo?÷¥¤zo'~ﬃù(~bo
ð
{fss$o'qﬃ{|ubt|IubwKps
ð"
x oubwﬃ~Ls$o[q>{|x}r
~y{|u

q>o
ð
{|ubt
ð
{|xHrf1u¦pb~ný7{ﬃ~spbt|H§ q
ð
{|1ps$pbýfx o?÷
á ¼ ¨ ÁW98x$â:m;hâx$â ¨ 5=<mŁ>ﬀ?$xvŁ*9<
@CB+ìo'T<&éf©&ëGèX@CB
J
<
V
@GB(ìoëª©@CèI<A<
V
@CB+ì
J
©	¨wè
J
ê
J
9©&'Tê(ì_<
V
@GB(ìF©&%
8
<&'Tê+@GìL<
V
@CB(ì_DB§©&ë:é?ì
Y(ê('
8
ì\<
V
<?>(ì\>(ìèTé?Bb%c<?ê(ë5©&>(;r@CB+ì\DB§©&ë:é?ì\;(ìY[<
8
èI@Gì;jèT>L@CB(ì\B+èI@
8
ìé
J
ì>K@

'T<?é
	 « K$#
­¬I®c¯ ¢:¢
°
8
ììçgèTé&ê(ëGìKJ+íIî]J <?>´Y§©&é&ìkvGwílD
8
D]©>´%[ì
8
ìì>fèI>´çgèTé&ê(ëGìLk(í¼ 6
U
@GB(ìD<&ëGëGì'$©@GèT<?>
è
8
'Tì
8:8
Y(ë:<?>(<?ê(>+Dì;´@GB§©&>èT>?Dn'Té(íXî
U 8
< @GB§©@j<?>+'IZ©
J
<m;(ìëª©@CìK©&>(é?ê+'$©&ëLëGì
8
<?'Têw@CèT<&>
D]©>´%[ìMì4¨wY[ìD@Gì;ií±*B+ì©&>(é?ê('M©&ë_ëGì
8
<?'Têw@CèT<&>³<
V
@GB(ì©&'Ié?<?ë:èI@CB
J
B§©
8
%cìì>´ì9©&'Iê§©@Cì;
ì4¨wYcìë:è
J
ì>K@©&'I'IZpê
8
èT>(é`@GB(ì
8
©
J
ìxèTëGëª©&;(èM©@CèI<?>Lé&ì<
J
ì@Gë:Z
U
]B(èIDBFBE©
8
%cìì>Aê
8
ì;j@C<k@Cì
8
@
@CB+ìWqë
8
@5©&'Té&<?ëGèX@CB
J 
Dn'Té(íXî
¢
ífDn>,©>(é?ê('M©&ëëGì
8
<?'Têw@CèT<&>_<
V
JfG \ ç^B_N² è
8
<?%w@©&èI>(ì;
V
<?ë©
që
8
@:eQèT>K@Cìë©&D4@CèI<?>pë©&;(èIê
8
<
V
¼mí á GhD
JFU
]B(èIDBoè
88
<
J
ê(DBL'$©&ë:é?ìë!@GB§©&>_@CB(ì*]èT;w@CBoD[©&ê
8
ì;
%KZk@GB(ì^D<?'T'Iè
J
©@C<&ëiB(<&@
8
Yc<&@

á \
¢
@CB§©@$@CB(ìèT>|³(ê(ì>(Dì<
V
@GB(ìB(<@
8
Y[<&@gD]©&>s%[ì>(ìé?'IìD4@Cì;Ùí
D
8
@CB+ìE]èI;+@CBM<
V
@GB(ìa©>(é?ê('M©&ë*;(è
8
@Cë:èT%(ê+@GèT<?>A<?%w@©&èI>(ì;Fè
8J
<?ëGìh@CBE©&>M@0]èIDìH@CB(ì
8
èc@ìH<
V
@CB+ìn]èT;w@CBo<&%+@©&èI>(ì;
V
ëG<
J
@GB(ìqë
8
@¦©&'Ié?<?ëGèX@CB
JFU
@GB(ì
8
ìD<?>(;&©&'Ié?<?ëGèX@CB
J
è
8
<?>('XZpê
8
ì;
U
è
V
@CB+ìH(ë
8
@Y©&'Ié?<?ë:èI@CB
J
è
8
>(<&@/©&Y(Y+'TèTD[©&%('Iì

<?>+ìh>(ìèIé?Bb%[<?ê+ëW<
V
@GB(ìHì>K@Cë3Z
8
ìé
J
ì>K@xè
8
B(èI@
¢
í
¤0>±^©&%('IìLk+íIîFèI@_è
8
>(<@CèTDì]©&%+'Tìj@CB§©	@,Dn'Té(í½¼=è
8
>(<&@_ê
8
ì;
V
<?ëV9´nµ
8
]èI@GB?©
,
eQì>(ìëGé&Z
©&%c<9?ì¶
676
gì'·¸	@CB(ìì>(ìëGé&ZKe²]^ìèTé?BK@Cì;©9?ìëª©&é?ì<
V
@CB+ì
8
ìé
J
ì>K@¹©&>+é?'Tì
8
è
8
ê
8
ì;-èI>
8
@Gì]©&;ií
±*B(ì ©>(é?ê('M©&ëëGì
8
<?'Têw@CèT<&>M<
V
@CB(ì
8
ìD<?>(;©&'Ié?<?ë:èI@CB
J
@C<?é&ì@CB+ìën]èX@CBF@CB(ìa©
8G8
èTé?>
J
ì>K@n<
V
@CB+ìFì>K@Cë:Z
8
ìé
J
ì>b@p@G<=@CB(ì
8
ìé
J
ì>K@p]èI@CB @GB(ìAB(èTé&B(ìë-ì>(ìë:é&Zt;(ìY[<
8
èI@GèT<?>tB§©
8
%[ìì>
8
è
J
ê('M©@Cì;
0­º
©&>(;D<
J
YE©&ëGì;]èI@CB @CB(ì;(èIëGìD@&©
8:8
èIé?>
J
ì>K@j<
V
@GB(ìì>(ìëGé&Z ]^ìèTé?BK@Gì;
©9?ìë©&é?ìE<
V
@CB(ì
8
ìé
J
ì>K@Y©&>(é?'Iì
8
íE±*B(ì
8
©
J
ìQ©&>(é?ê+'$©&ë*ë:ì
8
<&'Tê+@GèT<?>jè
8
<?%+@©èT>(ì;
V
<&ë*%[<&@GB
©&'Ié?<?ëGèX@CB
J_8Ub8
<`@CB§©@^@CB(ì
J
<?ëGì
8
è
J
Y('Iì9©&'Ié?<?ë:èI@CB
J
B§©
8
%cìì>
8
ì'TìD@Gì;iíED
8
Dx'Ié(í¼Eè
8
>(<@
ê
8
ì;
V
<?ëV9´nµ
8U
èX@s<&>('IZY+'$©Z
8
©
J
èT>+<?ëhëG<?'Iì
V
<?ëa©>(é?ê('M©&ëHëGì(>(ì
J
ì>K@
U
èI@Eè
8
ê
8
ì;
V
<&ë
'Tì
8G8
@CBE©&>uî
6
¦ <
V
©&'I'iç»µµ
8
í
±]<hëGì(>(ì
J
ì>K@¹©'Té?<?ë:èI@GB
JL8
BE©9&ì%cìì>sY(ëGì
8
ì>K@Gì;
U
ì[©&DB-<
V
@GB(ì
J
D[©&>`<?>('XZH%[ì5©&Y(Y('IèTì;
@C<Eç»µµ
8
]èI@CBpDìë:@©&èT>
8
ìé
J
ì>K@ B(èI@Y§©	@G@CìëG>
8
ív±*B(ìnYc<]^ìë
V
ê('((ë
8
@5©&'Ié?<?ëGèX@CB
J
D[©&>L<&>('IZ
%cì_ê
8
ì;
U
è
V
%[<@CB>(ìèIé?Bb%[<&ê(ë
8
<
V
@CB(ìpì>b@Gë:Z
8
ìé
J
ì>K@©
8:8
èTé&>(ì;
V
ëG<
J
@CB(ìp%§©
8
èTD©>(é?'Tì
©&'Ié?<?ëGèX@CB
J
©&ëGìF>(<&@LB(èX@
U
%(ê+@¼©&>³ìﬃ¨wDì'I'Tì>b@,©&>(é&ê('$©&ëpë:ì
8
<&'Tê+@GèT<?>]èI@GB(èT>@CB(ì
8
ìé
J
ì>K@
D]©> %cìA<?%+@©èT>(ì;ií»D
8
èX@-è
8
©&Y(Y+'TèTD[©&%('IìL@C<
l
´|µ
8_J
<?ë:ìr@CB§©>½J7G?¦ <
V
©&'T'^ç»µµ
8
D[©&>
%cìëGì(>(ì;ê
8
èT>(é @GB(è
8
©'Té?<?ë:èI@GB
J
í±*B(ì
8
ìD<?>(;¾©&'Té?<&ëGèI@GB
J
<?>('XZ³ë:ì[Zbê(èIëGì
8
@GB§©@A<?>+ì
<
V
@CB+ìp@0]<F>(ìèIé?Bb%[<?ê+ë
8
<
V
@CB+ì_ì>K@Cë:Z
8
ìé
J
ì>b@Hè
8
>(<&@HB(èX@íz±*B(ì
J
è
8G8
èI>(érèI>
V
<?ë
J
©@GèT<?>
©&%c<?ê+@\@GB(ì
8
ìD<?>+;¥>+ìèTé&Bm%c<?ê(ëxëGì
8
ê('I@
8
èT>©rD<?>
8
èI;(ìëª©&%('Iì`%(ëG<7©&;(ì>+èT>(éj<
V
@GB(ì©&>(é&ê('$©&ë
ëGì
8
<?'Iê+@CèI<?>ií»±*B+ìMYc<w<&ëF©>(é?ê('M©&ë-ëGì4q>(ì
J
ì>K@L<?ê+@0]ìèIé?B
8
@CB(ìFé?ëGì[©@Cìë©&Y(Y('IèTD]©%(èT'IèI@0Z¥<
V
Ç3¿:ÉﬁÊË!Ñ¡ÔﬁÍ*Ì¡ÖàÏlÀﬁØHÁﬃÑ¡Ö½Ê4ÐEÑ¡ÔﬁÍÌÁﬃÏÍ5ÂﬁË¡Ê
Ã3Í:Ú
ÀﬁË²Í^Õ¥ÁÌ^ÀÌªÍGÚfÄKÕÔﬁÖIÃQÔEÕCÁ4ÌgÍ3ÏÂﬁØ½ÊÅ4ÍGÚhÑ¡ÊhÌ¡ÖàÏlÀﬁØIÁÑ¡Í¦ÆvØàÎÝàÒÝ
Ç
Ê4Ë²Ë²Í3ØIÁÑ¡Ö½Ê4Ð»ÈÀ	ÐÃ0Ñ²ÖàÊÐ	Ì§ÉbÊË>ÌÍÎªÏCÐÎ>ÑÌÒ[ÐÉÓÔÕÖÑÌW×Ø»Ù
Ç
ÍcÉÓÔÕÖÑÌW×Ú½ØàÊÎÍ»Û Ü3Ý|Û Þßcà
á
Ü$â*ãäæåÞßà
×çÙ¥èÍMÉÓÔÕÖÑÌW×bÕÙÍ3Ë²Í[ÚﬁÍ3Ë²Ö}éÍ:Ú
È Ë²Ê4ÏNÑ¡ÔﬁÍCÃ1ÊË¡Ë²Í3ØIÁÑ²ÖàÊÐ»ÂﬁØàÊ4ÑEÁ4Ð	Ú!Ñ²ÔﬁÍÙÌ¡Ö½ÏÀﬁØIÁÑ²Í:ÚÁ4ÐﬁÎ4Ø½ÍcÕCÁ4ÌwÚÍ1Ñ²Í3Ë²Ï^Ö½ÐﬁÍGÚÀ	Ì¡ÖàÐ	ÎÑ¡Ô	Í¥Ã3Ê4Ë²Ë¡Í:ØHÁﬃÑ¡Ö½Ê4Ð+ÈÀﬁÐÃ1Ñ¡Ö½Ê4ÐbÝ
AêIëAê&ì9í^î(ìïñðWí¦ïﬀìòdðóí á J
phi Ladung allg Puls rc maxsegô
lo
g(
---
--)
|q +
| ma
x
q s
eg
Segment Angle [æ  deg. ]
Seg 2æ Seg 1æ Seg 6æ Seg 5æ Seg 4æ Seg 3æ
-4
-3
-2
-1
0õ æ æ æ æ æ æ
0õ 50ö 100 150 200÷ 250÷ 300ø 350ø
çgèIé?ê(ëGìùk+íIú
6wïE5ubw|rfx ps
ð
{fssMoxyp
~y{nu{&ñ^ûMü
é§ýþ ß
 
þ
 $#
ß
¬I®c¯

pfubt
4
p
~¦pfuoubosMwﬃ{ñ!ó?ô&ôjõoö÷
ø
bo
ð
{fss$ox pb~ {|uL q9	bosc
ò
o[pbõù(q>{~p
~~bot| ßzosMou
ð
o[q-ý7o~
ò
o[ou~boq>o[w|You
~Wqp
	bopvx}{7qW~
t|yqpff7o]ps$o[t÷
ausx2.45y-1.4cs137.dmprcw3j
Fr
ac
tio
n 
pe
r b
in -20
o 0h o 20o
Segment Angle [æ  deg. ]
0õ
0.05õ
0.1õ
-60 -40 -20 0õ 20÷ 40 60
çgèIé?ê(ëGìk(íHúwî
ïvmo[pq"rfs$o'tùpfubw|rfxypssMo[q>{|xHr
~ {|uó{&ñ|~boûMü
éýþ ß
 
þ
 $#
ß
¬I®¯

pfx w7{fs­ ~fs÷]
0
	
qeq>{|rfs
ð
o
pbq\ý7o[ou,rbq>o[tpfubtt| ßzos$ou
~97{ﬃq" ~y{|ubq
ò
 ~pFspbt|Irbq¦{ñ¹(÷*ﬃ)
ð
:p
	bo`ý7o'ou,Hsspbt|p
~Wo[t÷
ø
boo[pq"rfs$o'tKs$o'q{|x}r
~y{|uyqópKý7{|r
~~
ò

ð
oQ~bo
ò
 t7~{&ñd~bo1ûMü
éýbþ ßnþ
 $#
þ ß
 
þ
 $#

pfx w7{fs ~f`÷
á k ¨ Á/ì98ò$âï:Aê;hâò$â ¨ ò5óï=<Að>ﬀ?^î(ìòdð¦í9<

ì,© û é ü ë:è

ü

©

è

è

üEû ê

ì
ê û  ü ë û ì
ﬀﬁ
©  î 6ﬂ ü ó© ûMû ç»µµ

íﬃèMgì

ì
 ©

è"!©  é û ì© û é ü ë:è
#%$&
è'!
)(
ë ü+* è",(ì
-
ì.! ü ©&ë

ì¢©  é û ì
40/21354"6'7
8
ìë:ì
9  ì

ì 

© û é ü ëGè
#:
, ü;Eü

,(ì
(
ì  , ü

ìxëª©<,(èIê

è   ü ë

©

è ü í= ü

ë:ì
9  ì

ì 

© û é ü ëGè
#:
ëGì'Zbê(èTë:ì

ì

ì]©&ëﬀ!

 ü ëd©
 

ü7û ê

ì

©?>+è

© ü 

ì@!

©&ë:é?ì
(
ê û

ì

è 

ìé

ì 
A?$&
è'!

©&ë:ì
Eü
B
è

íz±

è
B
ì[©&ë!

ë:ì[Zbê(èTë:ì

©  
ü ê
C
ì

©

ìD! ü
E(
ê

è  é

è

ì©
C
ìF![© û !ê û ©

è ü
ü e©  ì  ìëGé :* © û ê+ìG ü ël©

è
8
ìé

ì 

ínNnì  !ìhè
8ﬀ
ü ê û ,
 ì
(
ü

è  
û ì

üaü
(
ìëª©

ì  
ü

© û é ü ëGè
#:
è  ëGì]© û

è

ìí
HBIKJLINM OQPSRUTWVXNY[ZSR]\^J]_a`QVbScad#Rfe
±

ìa©  é û ìa© û é ü ë:è

 ü ë

ì

è  é û ìa²hgWVGg=5DCﬃiﬃ

ü ,+ê û ì Eü
$j
©
L
ü
 ìkìk>

ì  ,(ì
,


ü

©

è

è

©
(#(
û è"![©
 
û ì: ü ë

ì© û èTé  ìA,J?l>P û ê
ﬀ
ìë
m
ì-!ë ﬃü
ﬀ
©
n

(
ì
f$&
è"!
o$
è ûMû

©&è Eû
 ìxê

ì
,Mè  ²gWVGg=lDBﬃmﬃuìp>
(
ìë:è

ì 

íaq ì
A
 ü ë©

©&ë:é?ì

,+è
ﬀ
©  !ì ü  î 6 í}¶D!


ì

ü
,+ê
û
ì

ü


ìF©
û
èTé

ì
,¢Jrl>P
û
ê
ﬀ
ìëﬁ,
üsEü

©è

©
ﬁ
ì

©&ëGé?ì
tm
ü

©

è

è

Eü
ûMü<
é?ìëxé?ê§©&ëª©


ìì
,

©
C
ìëGì-è

©

ì

ìëGé

,(ì
(
ü

è

è
ü
è


ì

ìé

ì

tu$&
ìëGì

ì
v
l0ëª©

!ë
ü

ì
L
ìSë
ü

©
û
(
û
©

ì
ü


ì

ü
,+ê
û
ìí
D

ü
ë
ü
ê(é

©

©
û'

è

ü


ì

ìé

ì


ëGì
(
ü

ì
ü


ìFJrlWP
û
ê
N
ìë1©

,

ìE,+ì
*
ì
ûMü
(
l

ì


ü
»©

©<,E©
(
ì
,K©

é
û
ìQ©
û
é
ü
ë:è
#
 
ìA![©

ì

ìA!ì

©&ë

íz±

ì

ìé

ì


ëGì
ﬀ(
ü<

ì
ü


ì,²hgWVGg=5DCﬃiﬃ J?l>P
û
ê
ﬀ
ìë
$
©
ﬁ
è

ê
û
©

ìA,
ü
©Fé&ëGè",
ü

v
l0ëª©

ì


ë

(
ü
è

B$
è

©
,(è
ﬀ
©

!ì
ü
ú
:
è

 
ü
w
ìD>xlY©

,

ì

l5,(èTë:ìA!

è
ü

©
û
è

ì]©ë\è


ìë
(
ü7û
©

è
ü<
$
©

ê

ìA,

üLü
 

©&è

(
ü
è


ü
©¥î
E
é?ëGè',iíC±

ì

ü
ê+ë!ì
$
©
;(
ü

è

è
ü
ìA,¢©
û
èTé

ìA,
$
è

ëGì
(
ìA!
y
ü

ìG!ë
ﬃü
ﬀ
©

!ì


ë:ì
û
è

ì
z$&
ìëGì©
ûMû

ëGìì

ü
,(ê
û
ì
%
ü
ê#!

ìA,Ùí|±

ìB,+è
ﬀ
©

!ì
ë
ü
{
ì

ü
ê(ëﬀ!ì

ü

ì|!ì


ë:ì
(
ü
è


ü
$ì]©}!

ü
,+ê
û
ì
$
©

î
6
í}¶n!

í
g

çgèTé?ê+ëGì9k(íHú7ú

ì
(
ìëﬀ!ì


©&é?ì
ü
»P
û
ê
N
ìëWç»µµ

0~


ü
ë
$&
è"!
h
ìSê
ûcû
ì

ìëGé

è

,(ìpl
(
ü

è

ìA,uè
ü
ì

ìé

ì


ýQ´|µ

©

,

ì
(
ìë!ì


©é?ì


ü
ë
$&
è"!

ìEê
ûMû
ì

ìëGé

è

,(ì
(
ü

è

ìA,Nè

ìèTé

 
ü
ê(ë:è

é

ìé

ì


è
&
ü
$


ü
ë

ìsé&è
*
ì

v
l0ëª©

ì


ë

(
ü

è

è
ü

©

,
v
l0ì

ìëGé&èTì

ü
§J7Gﬃ¶Ygì'·

¶7¶fúóg&ì·

©

,rî
JﬃJ7J/gì'·síﬃ±

ìëGì
û
©

è
*
ìì
:!èTì

!

è
i
ü
$

è


ì
û
©
N
!
üﬃû
ê


<
ü

©
f
ì
$
ìèTé
x
è

é
ü
,(èÙìëGì


ì


ë

(
ü

è

è
ü

è

è
ûMû
ê
ﬀ
ëª©

ì
,ií
±

ì_ëGì
û
©

è
*
ì-ìk:!èTì

!

è

,(ì
9

ìA,©
S
ìpë©

è
üü


ìFP
û
ê
N
ìëEç»µìk:!èTì

!

0
©


ìré?è
*
ì

(
ü

è

è
ü
,(è
*
è',(ìA,
 


ì

©r>wè

ê

P
û
ê
N
ìë-ç»µ ìkE!èTì

!

]
ü

©

è


ì
(
ü

è

è
ü
$&
ìëGì

ìP
û
ê
N
ìëHç»µ6ìkE!èTì

!

ë:ì]©<!

ì

è
B
©r>wè

ê
h
©
*
©
û
ê(ì
ü

2ŁN1Ã
A Ák/Á[y+
À?@#dÄr?ﬀ]?ÈÀ?x<N?ﬀ 'ÅLÁ
u&¡<¢?>Â<
£¤ﬀB£Sk?y+
À?Ä
È¥kCÁ
Ç
HÀrﬀu#¦£§£¨
?HÅ8ﬀ©[À?£ﬀyÁª?fNrN Å8£u+Â}A£§&£&ri?ﬀiy+
À?ﬀÄ+@Áp
£
N"y+
À?%ÃÁªN£? y>ékﬀACÁp¹Áp§ªﬀ«
2¬ﬀ­u?
Ç
HÀr2Nm#®¯N°¦ÃN£§ﬀÃWÅG£§ÃHÀr+ﬀ(Á
?+¡Á'Ã5±«
AêIëAê&ì9í^î(ìïñðWí¦ïﬀìòdðóí ² G
III II
1
4
3
26
5
I
-20
0
³
20
0
³
20
-20
0
20
0
³
20
-20
0
³
20
0
³
20
-20
0
³
20
0 20
-20
0
³
20
0 20
-20
0
20
0 20
-20
0
20
0
³
20
-20
0
20
0
³
20
-20
0³
20´
0³ 20
-20
0
20´
0³ 20
-20
0³
20´
0³ 20
-20
0³
20´
0 20
-20
0³
20´
0 20´
-20
0
20´
0 20´
-20
0
20´
0³ 20
-20
0
20´
0³ 20
-20
0³
20´
0
³
20
-20
0
20´
0
³
20
-20
0³
20´
0
³
20
-20
0³
20´
0 20
-20
0³
20´
0 20
-20
0
20´
0 20
-20
0
20´
0
³
20
All in Seg
Seg 1
Seg and one NBµ
1 + 2
All in Seg
2
¶
Seg and one NBµ
2 + 3¶
All in Seg
3·
Seg and one NBµ
3 + 4·
All in Seg
4¸
All
eff.¹
1333 keV
All in Segº
Y 
[ m
m
 ]
Seg and one NBµ All in Segº Seg and one NBµ All in Segº Seg and one NBµ All in Segº Allº
662 keV
»
All in Segº Seg and one NBµ All in Segº Seg and one NBµ
X [¼  mm ]
All in Segº Seg and one NBµ All in Segº Allº
356 keV
·
-20
0
20´
0
³
20
100%0% 25% 50% 75%
çgèIé?ê(ëGìLk(íHú7ú
ïL½E{7q ~y{nu

tfoﬃoubtfou
~,q>o[w|You
~Ls$o'qﬃ{|ubqo=ñ3{fs
v

sp'ou
~sM 7{7q ~ {|ubq¼{|u¢p
ú
=wnsyt_ñ3{fs(~bopfx} w|ubo[t
-
	
xHrbqW~WosQ÷
ø
bo/ou
~sM7{7q ~ {|ubq¹{&ñ
þ¾¾
q4ùKñ3{fs
ò
7
ð
QpfxHx
~boóoubos$wyq¹tfo7{7q ~Wo'tFIuY{|uboóq>o[w|You
~pfubt
~bo*ñæsp
ð
~ {|ubù&ñ3{fs
ò
7
ð
Y~boóoubosMwﬃ q»tfoﬃ{7q ~Wo[tIuY~
ò
{ubobyw|Kýﬃ{|rfsHubw1q>o[wnou
~Wq¦ q»q"b{
ò
u
ñ3{fs§oubos$wn o[q+pb~
-
)Kûwù&û?ûﬃ+ùﬃpfubt
ú
-7-ﬃ-
õoö*÷
ø
bolw|s$oóq
ð
pvx o9s$ok¿|o
ð
~Wq+~bo^ñæs$p
ð
~y{|u/{&ñUpfxHx
þ¾¾
q
ò
 ~1~7yq¦ou
~sM7{7q ~ {|ubù
ò
7
ð
tfoﬃ{7q ~5~boùoubosMwﬃHupFÀLÁ
¾
Hu~boQq>o[w|You
~5{fs
ò
7
ð

tfoﬃ{7q ~»~bo/oubos$wﬃaHuùpŁfÁ
¾
Hu9~boó~
ò
{aq>o[w|You
~Wq÷zu~boQxypbqW~
ð
{|x}rfu~bo1sMoxyp
~ 	bo
þ¾
½
o
Â
ð
you
ð
yqYtfo7
ð
~Wo[tÃ¥ptfo%zu7 ~y{|u{ñ¹~boFs$oxyp
~ 	bo
þ¾
½okÂ
ð
 ou
ð

ð
pvuAýﬃokñ3{|rfubtLHu ~bo
~Wo"¡~4÷
ø
bo
ð
{|u
~W{|rfs{&ñ~bo tfo'~Wo
ð
~W{fsñæs${|u
~>pfx(fxypfubo pfubt~bo¼f
bq
ð
pvxq>o[wnou
~>pb~ {|uLx*Iubo'q

tvpbq"bo[tA{&ñd~boY{AtErfx o1ps$oHu
ð
xHrbtfo'tHua~bo fx {ﬃ~4÷
y~
ð
pvu_ý7oub{~
ð
o't~p
~~boùou
~sM7{AIu
~
ð
pfuLýﬃo9{|r
~Wqytfoù~boùq>o[w|You
~ﬃù
ò
bosMoù~boùoubosMwﬃ
pbq\ý7o[outfo7{7q ~Wo't÷
² ¶ ¨ Á/ì98òÄï:Aê;SÄòÄ ¨ ò5óï=<Að>ﬀ?^î(ìòdð¦í9<
î 676ﬂ è

ü
 

©&è  ìA,Ùí
ç ü ë

ì¥èIëGëª©<,(è$©

è ü< é?ì ü

ì

ë ?ü 

ì

è  é û ì

ü ,+ê û ì

ì

ü ê(ëﬀ!ìè

© û èTé  ìA,
$
è

ëGì
(
ìA!
E
ü

ì

ü ,(ê û ì<Å

!ì 

ëGì û è  ì
]
ü

©
n
ì
v
lQë©  ì 

ë 
(
ü è 

©  ,

ìÆ9që
N
è 

ìë©}!

è ü ©ëGì© û
$
© 

è 

ì

©

ì

ìé

ì 

íÙç ü ë

ìsèIëGë©},(è$©

è ü é&ì ü

ì

ë ü 

ì
© û èTé  ì
, Jrl>P û ê
ﬀ
ìë
%
ü
$
ì * ìë
¢
ì
v
lQë©  ![© 
(
ì  ì

ëª©

ì

ë ü ê(é
Ç
ì * ìë© û

ìé

ì 

í
Nnì  !ì

ìEì 

ë 
(
ü

è

è ü

 ü ëG1´nµ

è 

ìé

ì 

î ü 

ü ,(ê û ìSg©&ëGì EüûMü é&ìë&! ü l
9  ì
,

ü

ìé

ì 

î
f
è  !ì

ì
(#
ü

ü !]© 
(
©
F
ë ü ê+é

ì&í×é(í

ìé

ì 

ú
$
è

ü ê

è 

ìë©}!

è  é©  ,È,(ì
(
ü

è

© ûMû è

ì  ìëGé  è 

ìé

ì 

î7¸

ìé

ì 

ú©  ,

ìé

ì 

J

ü
$
©¦! ü
:(
©&ë©  
û ì
 ì

© * è ü ê(ëí |û'

ì;Q´|µ

è 

ìé

ì 

k

© * ì

ìèIë*ì 

ë 
(
ü l

è

è ü ìk>a! û ê

è * ì û' è 

ìé

ì 

k

©

|ü
v
lQë© 
$&
è"!

ì 

ìë

©

ìé

ì 

ü

ìë

© 

ìé

ì 

k

!]© 
(
ì  ì

ë©

ì_è 

ü

è
ﬁ
ìé

ì 
ﬁ$
è

ü ê
ﬁ
![©

ìë:è  é(í(D

è

è û ©ëxì
[ìA!

è

ü
 

ìë * ìA,. ü ëYV9´nµ

í¥±

ì
(
ìë!ì 

©&é?ì ü 

ìé

ì 

î
lWúFV9´nµ
C
©

è
L
©?>+è

ê

è 

ìé

ì


ú ©

,
Eü

ü<

ì

ìé

ì


©

è
üû
è

ì
a
ìé

ì


ú?læJ ©

,

ìé

ì


JrlækV´|µ


©
*
ì

ìèTë

è


ìé

ì


J©

,k

ëGì
(
ìA!

è
*
ì
û'
íz±

è

!

©

é&ìA,
 
ì

©
*
è
ü
ê(ë
ü


ì

ìérl

ì


ë:ì
(
ü

ì
ü


ì

ü
,(ê
û
ì

è


ìùJ?l>P
û
ê
ﬀ
ìë8![©

 
ì

ê
:
©&ëGèc@ìA,Lè

K$
ü
ì
[ìA!

ï
±

ìh9që
N
ì
[ìA!

è
Eﬀ
ì[©&ëGè

é

è²í×ì&í

ìëGìK©&ëGì
v
l0ëª©

,+èTëGì
!

è
ü

%$&
ìë:ì

ì
(
ü

è
 
û
ì
9që
ﬀ
è


ìë©<!

è
ü<
(
ü

è

è
ü

©ëGì
(
ë:ì]©<,
ü+*
ìë5©

û
ì[©
ﬀK$
ü

ìé

ì


ívD

è
%(
è
ûMû
l
ü+*
ìë
üEûü
!A!ê(ë

è


ì
*
è'!è

è

ü


ì
 
ü
ëﬀ,(ìë
û
è

ì
 
ì
K$
ìì

K$
ü

ìé

ì

A
è

,
ü
ì

Eü

É
ì
ü
(
©&ë,+èM@ì/©
(
ü

è
 
û
ìó©

é?ê
û
©&ëÓëGì

ü7û
ê

è
ü
í±

ì

ìA!
ü
,oìkÙì
!

!]©

 
ì

ìì

ìè

ìë©

©
,(è
(
û
©<!ì

ì


ü


ì

ìé

ì


©

è
ü<û
è

ì

ü
ë/©

©

©


E
ì

ëGè'!hëGì
ﬀ(
ü<

ì
ü


ì

ìérl

ì


íç
ü
ë

ì

ìé

ì


ú¼©

,¢J

ì

ìé

ì


ë:ì
(
ü

ìn
ü
ë|Q´|µ

è

©


E
ì

ëGè"!
$
è

ëGì
(
ìA!
y
ü

ìB!ì


ë:ì
û
è

ì

ü


ì

ì

ìé

ì

A
ì

ìé

ì


ë:ì
(
ü

ìB
ü
ëV´|µ

è

©


E
ì

ëGè'!
$
è

ëGì
ﬀ(
ì
!
L
ü

ì
(#


è"![©
û

ìé

ì


©

è
ü&û
è

ì

ü

ìBë
ü
&(
û
©

ì
ü


ì

ü
,(ê
û
ì&í§±

ìEëGì[©

ü<

ü
ë

ì©


:
ì

ë

!]©

 
ìkìp>
(
û
©&è

ìA,

è
ü
ì;!
ü

è',(ìë

v
l0ëª©


u$&
è"!

ì


ìë

ì¦,(ì

ìA!

ü
ëEè


ìé

ì


Jh!
ûMü

ì

ü

ì

ìé

ì


©

è
üû
è

ì

ü

ìé

ì


úmí(D
û

ü
ê(é
Ê
ìé

ì


JFè
S
ì_ì


ë


ìé

ì

t
ì

©
û

ü
N
è
:
ì
,(è$©

ì
û
ì


ìë

ìé

ì


ú

è
ü
ìS
ü7ûcûMü
$&y
ì;,(èIëGì
!

è
ü&ü

v
lQë©

ì

è
ﬀ
è
ü

ü

©
&
ìëGìEè

©

èIé

ìë
(
ë
ü
 
©
 
è
û
è



ü

©
*
ì

ìS9që
ﬀ
è


ìë©}!

è
ü
è


ìé

ì


ú

©

è


ìé

ì


J+í
±

ìù©


E
ì

ë
ü


ì

ìé

ì


ë:ì
ﬀ(
ü

ì\è

Eü
8
üﬃû
ìëª©
 
û
ìY©

,

ìxê

ì
ü
,(è
(
û
©<!ì
,

ìé

ì


©

è
üû
è

ì
|
ü
ê
û
,
 
ìF©
*7ü
è',(ìA,

 
ìA![©&ê

ì
 
ü
Ë$
ü
ê
û
, é?ë:ì]©

û'
ì


©

!ì

ì
!
ü
E(
û
ìk>wè

1ü
U©

©

é
û
ì©
û
é
ü
ëGè
#
í
±

ìëGì*è

}
ü
$
ì
*
ìë
x
ì
(
ü

è
 
è
û
è



ü
!èTë!ê

*
ì



è
[(
ë
ü
 
û
ì

 
Æ*
©&ë

è

é

ì|,(ì
(
ü


ì

ìé

ì


©

è
ü&û
è

ì

ï
±

ì
(#


è'!]©
û

ìé

ì


©

è
ü< û
è

ì

ü

ìh,+ì

ì
!

ü
ëFë
ü

©
û
(
û
©

ì&©

,
ü

ì

è",+ì
AêIëAê&ì9í^î(ìïñðWí¦ïﬀìòdðóí ²fﬁ
(
û ©  ì ü 

ì¦,(ì

ìA!

ü ëﬁ,(ìk9  ì

ì

ìé

ì 

©

è ü
(
û ©  ì

è 

è',(ì

ì:,+ì

ì
!

ü ëíe±

ì

ì
(
û ©  ì

!ê
F
ìÆ,(ì

ì
!

ü ë`è 

è>
(
èIìA!ì
A]
ü

©

©  è 

ìëª©<!

è üü !
!ê(ë:è  é=è ü ì ü 

ì

ì
(
èIìA!ì

!]©  è
:
ìA,(èM©

ì û'
 ì&©

ëGè  ê

ì
,

ü è

! ü ë:ëGì
ﬀ(
ü< ,(è  é

ìé

ì 

í@  ì
Eü
$
! ü

è",(ìë
FK$
ü ,(èTë:ìA!

è ü<

ü 
v
l0ì

è

è üiï ç ü ë
v
lQë© 
F$
è

©  ì

è

è ü ,(èTë:ìA!kl

è ü

ê#!
Ê
©
B
ì

ìé

ì 

©

è ü<
(
û ©  ì`è
B(
ì  ì

ëª©

ì
,¢©
B
ìF,(ì
(aÊÌhÍ
6 !

© ûMû
9që
ﬀ
è 

ìë©<!

è ü

ü !A!ê+ë
 ì

è  ,

ì

ìé

ì 

©

è ü
(
û ©  ì&íE±

ìEê 
$
© 

ì
,©


:
ì

l
ëGè'!

ìé

ì 

ë:ì
ﬀ(
ü

ì`è

ü
 

©&è  ìA,
$&
ì 

ìD,(ì

ìA!

ü ëGë ü

© û
(
û ©  ìEè

ê

ìA,©
G
ì
ëGìkìë:ì  !ì
(
û ©  ì&ívç ü ë
v
l0ë© 
;$
è

©  ì

è

è ü ,(èTë:ìA!

è ü

ê!

©
;
ì

ìé

ì 

©?l

è ü
(
û ©  ìLè
D(
ì  ì

ëª©

ì
, ©
F
ìÆ,(ì
(QÌÍ¦ÎÌ
0 ýÏ[Ð
ﬀÑ
m#ÒÆÒ

ÒAÓﬀÔ
 ,
ÒA(Ò
 ,
Ò

¦EÒ
© 
9
Óﬀﬀ|Õ

ÒAÓ
©}!
Õ
ü ,
Ò
(
ü 
#Ò
v
l
Ó
© 

©  
üÖ
G#Òn
©
:Ò
xÖ

 
ÒAÓ
ü 9
Óﬀﬀ|Õ

ÒAÓ
©<!
Õ
ü


©
((Ò

Õ
 
Ó
ü

©  ,
 
Ò
#Õ
 ,
#Ò|ÒAÔ<EÒ


©
Õ
ü
(
û © 
Ò<×
±
Ò;ﬀÒAÔ:Ò

LÓÒ
(
ü
Ò|$&Õ'
ÓÒ
(Ò
!
y
ü
#ÒCﬀÒAÔ:Ò


©
Õ
ü,û
Õ

Ò

©
@#Ò
,
ÒA(-ÌÍ¦ÎÌ
0 ýÏ[Ð
ﬀÑ
 
Ò
! ü
:ÒA¢

:EÒkÓÕ
!
0Ø
×
N
Ò

!
ÒE#Ò
v
l
Ó
©

Ò

Ó

(
ü
ÕÕ
ü
ﬁ
Ö
ﬀ
Eü

 
Ò
Ö
Ò
, ©
;Ò

ÓÒA(ÓÒAﬀÒ

¦#Ò
,
ÒA(a
ÌEÍ
6
!
h×


Ò

ü7ûcûMü
$&8Ò
,
Õ"ÓÒ
!
Õ
üü

#Ò
v
l
Ó
©

©

,Ù!]©
û
!
ÖEû
©
Ò
y#ÒS(
ü
Õ

A$&#ÒAÓﬀÒ
Õ'Õ

ÒAÓﬀÒ
!
ÒL(
û
©

Ò&ÌÍ:ÎÌ
0
ýÏyÐ
Ñ
°

ü
ÓÒ
©<!

v
l
Ó
©

Ò

Ó

(
ü
ﬀÕ'Õ
ü
©S!
ü
ÓﬀÓÒ
(
ü
,
Õ

Ô
ÓÒ

ÒAÓﬀÒ

!
Ò;(
ü
ÕÕ
ü
Õ

#ÒEÎÌ
0
ýÏyÐ
Ñ
l
(
û
©

ÒBÕ'
ü
 

©
Õ

Ò
,
×
g

©

©
ûcü
Ô


ü
ÒSÒ

Ó

ÒAÔ
l
:Ò

t$&#Õ
!
ÆÕ"#ÒGÒ
ÔEÒ

8$&#Ò
ÓÒG#Ò
v
l
Ó
©

(Ò

Ò
Ó
©
ÒA8#Ò
@
Í
6
l
(
û
©

Ò}
©
Ò
Ô:Ò


Õ"
!]©
ûMû
Ò
,
#Ò
 Ú2ÛtÚ ÚkÜÝªÚ+ÚÞ<ß¯ÚkÜ§
Õ

#ÒÕ

ÕÕ
©
û
,
Õ"ÓﬀÒ
!
Õ
ü<ü

#Ò
v
l
Ó
©

(Ò

Ò
Ó
©
Ò

Ò¯ÎÌ
0
ýÏyÐ
Ñ
l
(
û
©

ÒSÕ

Õ"&Ò
ÔEÒ

t×
±
#Òﬁ(
ü
Õ'Õ
ü
lK,
Ò
(Ò

,
Ò

LÒ
Ô:Ò

LÓÒAﬀ(
ü<
Ò
ü

Ò
©
û
Õ'Ô

Ò
,&J?l>P
û"Ö
ﬀÒ
Ó8$&Õ'ÙÓÒAﬀ(Ò
!
&
ü
#ÒSÓÒ

ÒAÓÒ

!
Ò|(
û
©

Ò|ÌÍ¦ÎÌ
0
ýÏ[Ð
ﬀÑ
Õ"yﬀ
ü
$

Õ

à
Õ'Ô
Ö
ÓÒ
k
×
úﬃJ
×
à
ü
ÓLÒ
©<!

v
l
Ó
©

Ò

Ó

(
ü
Õ

L#Ò
!
ü
ÓﬀÓÒ
(
ü
,
Õ

Ô¯(
ü
Õ

LÕ

#Ò;ÓﬀÒ

Ò
ÓÒ

!
Ò
(
û
©

Ò[Õ"%(
ûMü
ﬀÒ
,
<#Ò&(#Ó
ürÉ
Ò
!
Õ
üü

#Ò
!
ü

üÖ
Ó
ü

#Ò
,
ÒkÒ
!

ü
Ó

Ó
ü<

©
û
(
û
©

Ò
ü
Ò
ÓÒ

ÒAÓﬀÒ

!
ÒÆ(
û
©

Ò:$&ÕÊÓÒ
(Ò
!
D
ü
#Ò:
üÖ
Ó
!
ÒÆ(
ü
ﬀÕ'Õ
ü
Õ"
,
ÒA(Õ
!
Ò
,
×
g

©},#,
Õ'Õ
ü
Ò
û
Õ

ÒA
©
ÓÒS
ü
$

0$&ÒAÓÒ|ÒﬁﬀÒAÔ:Ò


©
Õ
ü
(
û
©

ÒA
!
Ö
&#Ò|ÓÒ

Ò
ÓÒ

!
Òﬁ(
û
©

Ò<×
±
#Ò
!

©

ÔÒ

Ó
ü
á#Ò
,
Ò
Ò
!

ü
Ó

Ó
ü

©
û
(
û
©

Ò8
ü
#Ò[ÓﬀÒ

ÒAÓﬀÒ

!
Ò
,
ÒA(¯ÌÍ:ÎÌ
0
ýÏyÐ
Ñ
Ò

l

Ö
ÓÒA
©


:EÒkÓﬀÕ
!
ﬀÒAÔ:Ò

@ÓÒ
(
ü
ﬀÒ<$&#Õ
!
:Õ'%Õ'EÕ
û
©
Ó
ü
#Ò[ÓÒ
(
ü
ﬀÒ
ü

#Ò[Õ

Ô
û
Ò
²gWVLg=5DBﬃmﬃ

ü
,
ÖEû
Ò}×
N
Ò

!
Ò-Õ'ﬁ$&Õ
ûcû
 
ÒÆ(
ü
ﬀÕ
 
û
ÒE
üâÖ
ÒÆ#Ò
!
ü
!
Ò
(
ü

#Ò
 
©
Õ
!
©

Ô
û
Ò
©
ﬀÕ'Ô

:Ò


,
Ò
*
Ò
ûcü
(Ò
,ã
ü
Ó
©
ﬀÕ

Ô
û
ÒÆ
ü
,
Ö|û
Ò
©
û

ü

ü
ÓDÒ
©
û
Õ'Ô

Ò
,Jrl>P
û'Ö
ﬀÒAÓA
$&#Ò
ÓÒS#Ò|
ü
,
ÖEû
Ò

©
ÓÒBÕ
û
Ò
,&©

,Ù,
ü¦Eü

©
Õ'
©
[#Ò|
üÖ
Ó
!
Ò}×
Dä!
ü
:(
û
Õ
!]©
Ò
,&©

Ô
û
Ò
©
û
Ô
ü
ÓÕ#
![©

 
Ò
©
*7ü
Õ
,
Ò
,
×
g

!
ü
Ó
©
ﬀ&
ü
#ÒSÒ
Ô:Ò


©
Õ
üû
Õ

Ò
[Õ

©
Õ

Ô
û
ÒB
ü
,al
2åﬀ­u?£¨£#rp# À?u£§8?CéA£IÃ£?£§3Å@Èrr¡<k5+ﬀ#ÈﬃÁfytbÀ?§ÁªUÁk?pÁ
æ­ÁÃNNA#¹Á»Áp?k?ﬀ
y+
À?ÄzrªékN]?ﬀ[N k£k}%+|?k@£§?çÀ?NÃ[?&¡<NÁét£À?%È?&ﬀÂ}ªÃK£}é
&ﬀ kyNAÄAÁ

r%ﬀHÁp£Hék]®¯°óÃ£NÃ>ÅL£¨t&Ák§MÄbÁk(ÃÁpC¡}NﬀG£S£§ 'À?]è}« é
é+«
²² ¨ Á/ì98òÄï:Aê;SÄòÄ ¨ ò5óï=<Að>ﬀ?^î(ìòdð¦í9<
-20
0ê
20
40ë
0ê 25
-20
0ê
20
40ë
0ê 25
-20
0ê
20
40ë
0ê 25
-20
0ê
20
40ë
0ê 25
-20
0ê
20
40ë
0ê 25
-20
0ê
20
40ë
0ê 25
All in Segì
Y 
[ m
m
 ]
Seg 1
Seg and one NBí
1 + 2
All in Segì
2
Seg and one NBí
2 + 3
X [ mm ]
All in Segì
3
Seg and one NBí
3 + 4
All in Segì
4
1333 keV
-20
0ê
20
40ë
0ê 25
100%0% 25% 50% 75%
à
Õ'Ô
Ö
ÓÒ
k
×
úﬃJî
½E{7q ~ {|u

tfo7oubtfou
~óq>o[w|You
~Qs$o'qﬃ{|ubq>o{<ï»~boapvx*yw|ubo't
-
	
xHrbqW~Wosið/ ~s$o

q"7oAñ~~W{ ~bo fxypfubox {añ[pb~Wo't,p
~5~bo Yo]pfua%Us$qW~YHu
~Wosp?ñ'~ {|u tfo
~

Ìò:ÎÌ
0
ýÏyÐ
Ñ
4÷
ø
bo1sMo
ï3osMou?ñ'oa7{7q ~ {|ubq{<ï
þ¾¾
q4ùaï3{fs0ðY7 ñQpfxHx~bo/oubosMwﬃyqtfo7{7q ~Wo't,Iuù{|ubo/q>o[w|You
~
pfubt¼~boDïæsp?ñ'~ {|ubùï3{fsiðY7 ñ~booubos$w¼yqtfo7{7q ~Wo'tIu ~2ð¹{ubo w|Ký7{nrfsIubw,qo'w|ou
~Wqyq
q"b{+ð/u&ï3{fs§p
v

oubos$wﬃ/{<ï
ú
-7-7-
õoö÷
ø
bo5wns$o'óqNñ]pfx oYs$o
¿noAñ~Wq+~bo8ïæs$prñ~y{|uó{<ïUpfxHx
þ¾¾
qiðó ~
~7yq1s$okï3os$ou?ñ[o7{ﬃq" ~y{|ubùð/7óñtfo7{7q ~ó~bo oubos$wﬃ¼HuFp¯À&Á
¾
Hu~boaqo'w|ou
~{fsiðY7 ñ
tfoﬃ{7q ~Q~bo,oubos$wHup¢ŁfÁ
¾
Hu~bo,~ð»{qo'w|You
~Wq÷upbtft| ~ {|u~boõôqo'w|ou
~>pb~ {|u+ö
x}Hubo[qópsMoQqb{tð/ubù#ðYbos$où~bo1qo'w|ou
~>pb~ {|u,fx pvubo'qIu
~Wos$q>oAñ'~¦~bo sMo
ï3osMou?ñ'ofx pvubo&÷
AêIëAê&ì9í^î(ìïñðWí¦ïﬀìòdðóí ²7ﬂ
ÖEû
Ò<a#Ò
JrlWP û"Ö
NÒ
Ó¦÷ﬀÒ
Ô:Ò


©
Õ
ü l û
Õ

ÒAﬀø
©
y#ÒCÓÒ

Ò
ÓÒ
 !
Ò
,
Ò
(
©
ÓﬀÒ
Eü
y
©
Óﬀ(u
 
Ö

:Ò
©
ÓÒ
, üÖ

© û
Õ
û
Ò
 
Õ'A×
N ü
$8Ò
*
Ò
ÓA#Õ"L(Ò

Ò
Ó
©
Õ
üLü 
#ÒDﬀÒAÔ:Ò

SÓﬀÒA(
ü
ﬀÒFÕ


ü
Ò

ÒAÕ"Ô<
 
üÖ
ÓﬀÕ

ÔnﬀÒAÔ:Ò

GÕ'
*
ÒAÓ


© ûMû
×
±
#Ò
© û
Õ'Ô

Ò
,JrlWP û"Ö
NÒAÓﬁÕ"
Eü

 ÖEûcû' ! ü
E(
©
Ó
©  
û
Òn$&Õ'ËÒ¯Õ

Ô
û
Ò:
ü , ÖEû
Ò}
©
;
ü
:Ò
ü 
#Ò
P û"Ö
NÒAÓ
à»µµ

©
ÓÒﬁÕ

Ò
Ó
l

ü , ÖEû
Ò
l

!]©
ﬀÒAÓﬀÕ

ÔnÒ
*
Ò


¸
Õ

#Ò
© û
Õ'Ô

Ò
,JrlWP û"Ö
NÒ
Ó
Ö
(w
üü
Ò
9#

ü © ûMû à+µµ

©
ÓÒ
,
Õ'ﬀÓÕ
 
Ö
Ò
, ü+*
Ò
Ó
©

û
Ò
©
NSK$
ü

ü , ÖEû
ÒA
ý2! ü
:(
©
ÓﬀÒ
$&Õ'E#Ò
©},#,  ©<!gn­©<!

ü
Ó@Õ
 à
Õ'Ô
Ö
ÓÒ
k
×
ú

×
D

![© 
 
ÒGﬀÒAÒ

Õ
 à
Õ"Ô
Ö
ÓÒ
k
×
úk
#ÒAﬀÒBÕ

ÒAÓ
l

ü , Ö|û
Ò
l

![©
ÒAÓÕ

Ô-Ò
*
Ò


©
ÓÒ¦
©
Õ
Eûûcü ![©
Ò
,
Õ

ﬀÒAÔ:Ò

ﬁ$&#Õ
!

©
ÓﬀÒ
©<, É ©<!
Ò

;
ü
© Eü
#Ò
ÓB
ü , ÖEû
Ò<×
±
#Õ'C(#Ó
ü
(Ò
Óﬀ

Õ"CÒ
(Ò
!
Õ
© ûcû'
Õ":(
ü
Óﬀ
© 
t$&#Ò

ÕCÕ'CÕ":(
ü
ﬀÕ
 
û
Ò|
ü
©
ﬀÕ"Ô
 ©
ÓÒ

ÒAÓÒ
 !
Ò¦ﬀÒAÔ:Ò

t×
g 
#Õ'
!]©
ﬀÒ
©
(
ü
Õ'Õ
üLü
Ò
Jrl>P û'Ö
ﬀÒAÓ
$&#Õ
!

, ü
Ò

Eü

ü<Eû'
ÓÒ
³
Ò
!
@Ò[ÒAÔ<EÒ

A
 
Ö

© û

ü
#Ò[
ü , ÖEû
Ò8
ÖEû
Õ"(
û
Õ
!
Õ'

?
©

ü
 
Ò
©
ﬀÕ"Ô

Ò
,
×
D
-#Ò
,
Õ

ÒAÓﬀÒ
 !
ÒA
 
ÒkK$8Ò
Ò

#ÒwÕ

Ô
û
Òs
ü , ÖEû
Ò
©  ,
#Ò
© û
Õ"Ô

Ò
, JrlWP û"Ö
NÒ
Óh
© *
Ò
 
ÒAÒ

,
Ò
(#Õ
!
Ò
,¾©

,
#Òw(#Ó
ü
 
û
ÒA:¯$&Õù#Ò
©


E:Ò
ÓÕ
!
ÒAÔ<EÒ

hÓﬀÒA(
ü
ﬀÒË
©
*
Ò
 
ÒAÒ


ü7û'*
Ò
,
#Ò
 
©
Õ
!©

Ô
û
Ò
©
Õ'Ô

:Ò


©
û
Ô
ü
ÓﬀÕ'#

ü
ÓL#Ò
©
û
Õ"Ô

Ò
,KJrl>P
û'Ö
ﬀÒAÓ
![©

 
Òﬁ(ÓÒAﬀÒ

Ò
,
×
g
&
©

 
Ò
Ò

,
Õ"
!
Ö
ﬀÒ
,

©
yÒS
ü
,
ÖEû
ÒAyÕ

#Ò
©
û
Õ"Ô

Ò
,J?l>P
û"Ö
ﬀÒ
ÓyÒ
>
#Õ
 
Õ'
©
Õ":Õ
û
©
Ó
 
ÒA
©
*
Õ
üÖ
Ó
©
-Õ

#Ò.Õ

Ô
û
Òs
ü
,
ÖEû
Ò<×
B
Ò

#Ò
!
ü
ÓÓﬀÒ
!
ÙÓﬀÒ

Ò
ÓÒ

!
Ò
,
ÒA()Õ"
Ö
ﬀÒ
,
ý
ÌÍ:ÎÌ
0
ýÏyÐ
Ñ
y#ÒÊÒ
ÔEÒ

âÓÒ
(
ü
ﬀÒ
 
Ò
!
ü
EÒ

!
ü
E(
©
Ó
©
 
û
Ò<×
N
ü
$8Ò
*
ÒAÓ
CÕ

#Ò
Jrl
P
û"Ö
ﬀÒ
Ó8ÓÒAÒS
ü
,
ÖEû
Ò

©
ÓﬀÒ
ü
(ÒAÓ
©
Ò
,

ü
Ô<Ò
ÒAÓ
©
ûcûMü
$&Õ

Ô;ÒB
![©
ÒAÓÕ

Ô
 
Ò
K$¢ÒAÒ

Ò

ü
,
Ö|û
ÒA
×
±
#ÒAÓﬀÒ

ü
ÓﬀÒ¢Ò8Ò
Ô:Ò


læ©
ﬀÕ"Ô

:Ò


©
û
Ô
ü
ÓÕ'#ú
©

ü
 
Ò
©<,§©
(Ò
,©

,

Ò
$
Ò
Ô:Ò

y#Õ@(
©
ÒAÓ

8
©
*
ÒC
ü
 
ÒGÕ

!
û"Ö
,
Ò
,
×
g

(
©
ÓﬀÕ
!
ÖEû
©
ÓÕ'@Õ"@Õ":(
ü
Óﬀ
©


,
Ò
ÒAÓ:Õ

Ò
Ò-Ò

Ò
ÓÔ
û
Õ":Õ'

ü
Ó
©
ûcû
#Ò
,
Õ

ÒAÓﬀÒ

:#Õ'F(
©
ÒAÓ

n(
ü
Õ
 
û
Ò}f$&#Ò
ÓÒ-#Ò-ÓﬀÒ

Ò
ÓÒ

!
Ò
Ò
Ô:Ò


![©

 
Ò
©
ﬀÕ"Ô

Ò
,

ü
#Ò:Ò
Ô:Ò

|$&Õ'wÒ:
©r>
Õ"
Ö
ûÒ

ÒAÓﬀÔ

,
ÒA(
ü
ﬀÕ'Õ
ü
×
D
DÕ'ﬁ$
©

,
ü
Ò

ü
Óﬁ#ÒÆÕ

Ô
û
ÒE
ü
,
ÖEû
Ò}m#ÒÆÒ

ÒAÓﬀÔ
û
Õ":Õ'
!]©

 
ÒÆÒ
>
Ó
©<!
Ò
,o
Ó
ü

ÒﬁÒ

ÒAÓﬀÔ

lK,
Ò
(Ò

,
Ò

BÒAÔ<EÒ


©

,

ü
,
ÖEû
ÒB
ÖEû
Õ"(
û
Õ
!
Õ
ü

#Ò
©
û
Õ'Ô

Ò
,&Jrl>P
û'Ö
ﬀÒAÓA
$&#Õ
!
Õ'[
ü
$

Õ

à
Õ"Ô
Ö
ÓÒ
k
×
ú7G
×
à
ü
Ó|Ò
*
Ò


$&#Õ
!

©
ÓﬀÒ
!
ü
9

Ò
,

üKü
Ò:
ü
,
Ö|û
Ò
ý
û
Ò


!
üﬃû"Ö



Ò
 
©
Õ
!©

Ô
û
Ò
©

l
Õ'Ô

:Ò


©
û
Ô
ü
ÓÕ#üÓÒ

©
Õ

8#Ò|
©
:Ò
©


ü
Óy#Ò|Õ

Ô
û
Ò
²gWVLg=5DBﬃmﬃ

ü
,
ÖEû
Ò}×
à
ü
ÓK$
ü
l

ü
,
ÖEû
Ò
V9´nµ

ý
(
©

Ò
û
ú
 

#Ò[:Õ
,#,
û
Ò
ü

#Ò[ﬀÒAÔ:Ò


©
Õ
ü<û
Õ

Ò
 
Ò
K$¢ÒAÒ

Ò
Ò
Ô:Ò

@Õ"%ﬀÒ
û
Ò
!
Ò
,

©

ûcü
Ô
©
%Ò
v
l
Ò

Ò
ÓÔ

Õ'
 
Ò
ûMü
$
kvG
6
g
Ò
·

©
 
ü?*
Ò[#Ò&Ò
Ô:Ò


$&Õ'sÒD#Õ'Ô#ÒAÓLÒ

ÒAÓÔ

,
Ò
(
ü
Õ'Õ
ü
Õ"GÒ
û
Ò
!
Ò
,©
GÒDÓÒ

ÒAÓﬀÒ

!
ÒnÒAÔ<EÒ

A×
à
ü
Ó&K$
ü
l

ü
,
Ö|û
Ò¯K$
ü
l
ﬀÒAÔ:Ò


Eü
l

Ò
Õ"Ô
 
üÖ
ÓFÒ
*
Ò


ý
(
©

Ò
û
J
 

#Ò-K$
ü
l

ü
,
ÖEû
Ò
!
ü
:
ü<
(
ü
Õ

ﬁÕ"ﬁÒ
û
Ò
!
Ò
,

©

ûcü
Ô
©
ﬁ#Ò
v
l
Ò

Ò
ÓÔ

Õ'
 
Ò
ûcü
$
¶
676
g
Ò
·

©
 
ü+*
Ò:#Ò:Ò
Ô:Ò


ﬂ76 ¨ Á/ì98òÄï:Aê;SÄòÄ ¨ ò5óï=<Að>ﬀ?^î(ìòdð¦í9<
III II
1
4
3
26
5
I
-20
0ý
20þ
0ý 20þ
-20
0ý
20þ
0ý 20þ
-20
0ý
20þ
0ý 20þ
-20
0ý
20þ
0ý 20þ
-20
0ý
20þ
0ý 20þ
Mod 2
Y 
[ m
m
 ]
Mod: I
Mod 23
I+II
1333 keV
Mod 2
I
Mod 23
I+II
662 keV
X [ mm ]
Mod 2
I
Mod 23
I+II
356 keV
-20
0ý
20þ
0ý 20þ
100%0% 25% 50% 75%
à
Õ'Ô
Ö
ÓÒ
k
×
úk#î
½E{7q ~ {|u/tfo7oubtfou
~Y{ntErfx os$o'qﬃ{|ubqo¢ï3{vs
v0ß
sp'ou
~sMQﬃ{7q" ~y{|ubqd{|uYp 
w|s­yt¦ï3{vse~bomŁCpfx} w|ubo[t
ß
	
xHrbqW~Wos
	
{vsdt| 
¥os$ou
~5ou
~scFﬃ{7q" ~y{|ubq~boBïæs$prñ~y{|u{<ï
	¾¾
qð/7óñF qyñ[{|u
~>p7Iubo'tHua{|uboY{AtErfx o
pfubtF~boSïæsp?ñ'~ {|uð/7óñaqﬀñ[pb~æ~Wos$qùIu~box {tð¹oss w|
~ubobyw|ﬃ{|rfsHubw{AtErfx oyq¦q"b{tð/uFï3{fs
oubos$wn o[q/p
~§pvubt oﬀﬁ
ﬂAêIëAê&ì9íﬃ! ^î(ìïñðWí#"%$¦ï#&ìòdð'$óí ()
0
50
100
0 500 1000 1500 2000
0
50
100
0 500 1000 1500 2000
0
20
40
0 500 1000 1500 2000
0
20
40
0 500 1000 1500 2000
0
10
20
0 500 1000 1500 2000
0
10
20
0 500 1000 1500 2000
0
10
20
0 500 1000 1500 2000
0
10
20
0 500 1000 1500 2000
0
10
20
0 500 1000 1500 20000
10
20
0 500 1000 1500 2000
Effizienz
one module*
(1a)+
Effizienz
two or more modules,
(1b)+
Effizienz
(2a)+
Effizienz
(2b)+
Effizienz
(3a)+
Fr
ac
tio
n 
of
 a
ll 
fu
ll 
en
er
gy
 e
ve
nt
s 
[ %
 
]
Effizienz
(3b)+
Effizienz
(4a)+
Effizienz
(4b)+
Effizienz
total
maximum energy
in reference segment
maximum energy not
in reference segment
(5a)+
Effizienz
(5b)+
Energy [ keV ]
one segment events*
two segment neighbour events,
two segment no neighbour events,
three segment events,
four or more segment events-
à
Õ'Ô
Ö
ÓÒ/.#×
ú0aî
¾214365879
ß:
3<;3<1
:
3<1=?>@3A7BC3<1=CD1
:
BCE
:GFH
3IB
FH
=KJL;
H
J
ñ
J =M9
ï
E5N=PO43RQTSVUSXWZY


ß
	
H[F
>@=\365
Z]
O43!36143<5^79
ß_:
36;3<1
:
361=
ï
58D
ñ
=KJ`E1IE
ï
D
H[H
	¾¾>
uð
OJ
ñ
ORD<583
À&Á
¾>

U
Á
¾>

=
ð
E
ß
>@3A7BC3<1=a14E
ß
1436J 7O

E
F
5b3'c43<1=\>

=PO5^3A3
ß
>@3A7BC3<1=d3'c43<1=\>

D1
:
ï
E
F
5
ß
>@3A7BC3<1=e3c43<1=\>aJ`>
>fO4E
ð
1
ï
E5gDhB#E
:GFH
3iB
FH
=KJL;
H
J
ñ
J =j9kE
ï
E143dD1
:
D

Ec43lE143

	6E5/3mD
ñ
Oi>n37B#361=lB
FH
=KJ
ß
;
H
J
ñ
J =j9bD

E<c43/E143

=PO43
ï
58D
ñ
=KJ`E1E
ï
	¾¾>
0ð
OJ
ñ
OTO6D4c43g=PO43bBoDApJLB
F
Bq3<14365879
:
36;E>PJ =KJ E1
JL1r=PO43!583
ï
3<58361
ñ
3>@3A7B#361=#D1
:
ð
OJ
ñ
O
:
El14E=oO6Dc43s=PO43!BoDApJLB
F
Bq3<143<5^79
:
3<;E>PJ =KJ`E1RJL1
=PO43e583
ï
3<5^3<1
ñ
3t>@3A7BC3<1=bJ`>
:
3<;J
ñ
=\3
:
>n36;6D<5uD=\3
H
9

>nEe=PO6D==PO43
H
JLBJ =KJv147w3<14365879

D=
ð
OJ
ñ
O
=PO43w583
ï
3<58361
ñ
3>n37B#361=
ñ
D1

3xD6>@>PJ`7143
:
=\Ew=PO43t>n37B#361=
ð
J =PO=PO43dB#DApJLB
F
By3<143<5^79
:
3<;E>PJ =KJ`E1
ñ
D1

3
:
3
:GF
ñ
3
:

( ú z|{ ìo}òÄï~ﬂAêxSÄòÄ z ò$óïAð@& ^î(ìòdð'$¦ío
$&Õ'E#ÒC#Õ'Ô#Ò
Ó¢Ò

ÒAÓﬀÔ
 ,
ÒA(
ü
ÕÕ
ü<
Õ'¢ﬀÒ
û
Ò
!
Ò
,t
@#ÒGÓÒ

Ò
ÓÒ
 !
ÒBﬀÒAÔ:Ò

A×
à ü
Ó#ÓﬀÒAÒ
l
  ,zl

ü
ÓÒ
l
Ò
Ô:Ò

8Ò
*
Ò

yÕ
 

û
Ò

ﬀ@K$
ü

ü , ÖEû
Ò
%$&Õ'

v
l
Ò

ÒAÓﬀÔ
 
 
ü?*
Òos<Ò'
ý
(
 
Ò
û
.
   ,R0
 

x#ÒLÒAÔ<EÒ

¢$&Õ'EÒG
r>
Õ"
Ö
 Ò

Ò
ÓÔ
 ,
Ò
(
ü
Õ'Õ
ü
Õ'¢ﬀÒ
û
Ò
!
Ò
,

[ÒSÓÒ

Ò
ÓÒ
 !
ÒﬁÒ
ÔEÒ

t
 
Ò
ûMü
$Łr<Ò'á#ÒSK$
ü l

ü , Ö|û
Ò
! ü
E
ü
(
ü
Õ

&Õ'[Ò
û
Ò
!pl
Ò
,¯ ü
Ó@K$
ü l

ü , ÖEû
Ò&Ò
*
Ò


  ,
#ÒC#ÓÒ
Ò
l

ü , ÖEû
Ò
! ü
:
ü
(
ü
Õ


 ü
Ó@#ÓÒ
Ò
l

ü , ÖEû
Ò
Ò
*
Ò


ÓﬀÒAﬀ(Ò
!
Õ
*
Ò
û'
×


Ö
:

Ó
 ü 
Ò

ﬀÕ"Ô

Ò
,
ﬀÒAÔ:Ò


  ,

ü , ÖEû
Ò
EÕ'
û
Õ"NÒ
,
Õ
h 
 
û
Òl.×
ú
×BÒ
l
(Ò
 ,
Õ

Ô
ü
#Ò
v
l
Ò

Ò
ÓÔ

x#Ò&Ò
ÔEÒ

¢
ÖEû
Õ"(
û
Õ
!
Õ

?#Ò
xÖ

 
ÒAÓ
ü 

ü , ÖEû
ÒAf$&Õ
!


 *
Ò
9
ÓÒ
, ý

ü , Ö|û
Ò:
ÖEû
Õ"(
û
Õ
!
Õ'



  ,
Ò
xÖ

 
ÒAÓ
ü 
#Õ'

ÒAÕ'Ô
 
ü<Ö
Ó
ü 
#Ò¯ÒAÔ
l
:Ò

;$&Õw#ÒE
?>
Õ'
Ö
 Ò

Ò
ÓÔ
 ,
Ò
(
ü
ﬀÕ'Õ
ü
$&Õ'#Õ

#Ò:
ü , Ö|û
Ò
  , üÖ
ﬀÕ
,
Ò¦Ò

ü , Ö|û
Ò<0ÓﬀÒA(Ò
!
Õ
*
Ò
û
uÒ
Õ'#ÒAÓ
   
Ô
û
Ò
ü
Ó
Æ!
Ò
Óﬀ

Õ

(
ü
ﬀÕ'Õ
üü
#Ò
!
Ó
ﬃü
ﬀ

SÕ'


l
Õ'Ô

Ò
,
×|)#Ò

Ò
*
Ò
Ó¯(
ü
ﬀÕ
 
û
Ò
  <,#,
ÕÕ
ü  û
ÒAÔ<EÒ


%

 û
Ô
ü
ÓÕ# 
üü
 


Õ
  


Ô
ÖEû

ÓSÓﬀÒ
9

ÒA:Ò

FÕ'
Ö
Ò
,
×

Ò
%


û
Ô
ü
ÓÕ#:
Ö
ﬀÒ
,
ü
ÓS#Ò

û
Õ'Ô

Ò
,rl\
û"Ö
NÒ
Ó

ÓﬀÒ-Õ
,
Ò

Õ
!A
û
$&Õã#Ò

û
Ô
ü
ÓﬀÕ'#E
Ö
Ò
,È
ü
ÓD#ÒÙﬀÕ

Ô
û
ÒÆ
ü
,
Ö|û
Ò<i
ü
$¢Ò
*
Ò
ÓA@Õ

NÒ
<,
ü

#ÒÆÒ

Ó

ﬀÒAÔ:Ò

F#ÒÆÓﬀÒ

ÒAÓﬀÒ

!
Ò-Ò
ÔEÒ

nÕ"
Ö
Ò
,
×

#Ò
 

Õ
!R

Ô
û
Ò

û
Ô
ü
ÓﬀÕ'#

ü
ÔÒ
#ÒAÓy$&ÕÆÒ
!
ü
,
Õ'Õ
ü

û
ÓÒ
9

Ò
EÒ


 

ﬀÒAÔ:Ò


%

Õ'
!m
ûcû
Ò
,
#Ò

Ö|ûMû


Ô
û
Ò

û
Ô
ü
ÓÕ#h×
g
¦Õ"FÕ'E(
ü
ÓN


D
ü.Eü
ÒÆ



ûMû
à%


ÓﬀÒ-(#Ó
ü
!
Ò
ﬀÒ
,
 

#Õ'

ÖEûMû

û
l
Ô
ü
ÓﬀÕ'#
ü



Eü
N

Õ"NÕ
!
CÕ'
ûMü
ﬀt×2BÒA(Ò

,
Õ

Ô
ü
ÒDÒ
Ô:Ò

S#ÕB(

ﬀÒ
Ó

Ò

û
Ô
ü
ÓÕ#{$&Õ
ûMû
(Ó
ü+*
Õ
,
Ò;Ô
ünü
,
ü
Ó
ü|û'

ü
,
Ò
Ó

Ò


Ô
ÖEû

ÓGÕ


ü
Óﬀ

Õ
ü
×


 
ü
sÒ
 

ﬀÕ
! 

Ô
û
Ò

û
Ô
ü
ÓÕ#

ü
ÓS#Ò
rl@
û'Ö
ﬀÒAÓ


,
#Ò


Ô
û
ÒnÓﬀÒ
9

Ò
EÒ



û
Ô
ü
ÓﬀÕ'E
,
ü
Eü

Ö
Ò|#ÒSÓ
<,
Õ
Ö
[Õ


ü
Óﬀ

Õ
ü<
z#Ò


ÓÒSÕ

,
ÒA(Ò

,
Ò


ü

#Ò|ÓÒ

ÖEû

ü

#ÒSÓ
<,
Õ
Ö


û
Ô
ü
ÓÕ#h×

#ÒAÓﬀÒ

ü
ÓﬀÒ
-M
Õ
û"Ö
ÓﬀÒ
ü

#Ò¦Ó
},
Õ
Ö


û
Ô
ü
ÓﬀÕ'#
,
ü
Ò

|ü

}
Ò
!
|Ò


Ô
û
Ò

û
Ô
ü
ÓÕ#h×

#Ò

ÖEûMû


Ô
û
Ò

û
Ô
ü
ÓÕ#
üEû
ÓﬀÒ
û
Õ'ÒA
ü
 

Õ
!
(

ÒAÓ




!
#Õ

Ô


,
Ò
<,#,
Õ'Õ
ü

û
ÓÒ
9

Ò
EÒ



û
Ô
ü
ÓÕ#:Am$&#Õ
!

Ö
Ò


%
ü


nÒ
!
ü
:(
Ö
Õ

ÔâÕ'EÒ
!
ü<

Ö
:Ò
,
Õ"[ﬀ

ûMû
Ò
EüÖ
Ô

ü
Ó[ÓﬀÒ

û
l
Õ'EÒG(#Ó
ü
!
Ò
ﬀÕ

Ô#×
HBIKJLIJ TWZSY[b|Vn@eŁ RfcGyVbCd0X@[Z XﬀZ õTŁ l g¡nReXn¢¤£]Zydc
¥T¦¨§2©«ª­¬G®¬¦«¯°¥R®6±<²P³µ´¶¦«§·4¸¹´º»2ªM©¼·4½M»¾¦À¿s®4´¶¯N½M±·4½­»¾¦Nº
Á
ÒRÂ
ÖGÃÄÃ
Å
Ô
Ã
Ò

Ã
ÔÆ<ÓÕÄÇ
ÁGÈ!ÉsÊ
Æ
Å
É
Õ
É
ÇÕ
Å
ÔeÆ<Â
<Å
Ô
ÖGÃ

Ó

ÉnÉ
Õ'Ô
Å
È
Ò
Å
Ç
ÅGËÌ<Å
Ô
ÖGÃ

ÓDÓﬀÒÍ
Å
ÒfÎ
È
Ò
Å
ÇxÏ
É
ÒAÒ

Ð
Ã
Ò
É
.×
)Ñ
.#×vÒÓ
Á
Ô
Ò
Ð
Ò
Ò
ÅÌÕ
ÓﬀÒ
É
Ò
Å
ÇÒ
Ë
×
Á
ÒÖi×8Ò
ÓÒ
ÕGÕ
Ã
Õ"Ò
Ë
ÇØÆ

Ã^Ã
à|µ
É
Ò'Ù
Ê
Ò
Õ
Ç!Ç
Á
Æ
É
Òt×
Á
ÒAÓﬀÒÚ|Ígw×

É

ÉØÉ
Õ'Ô
Å
Ò
Ë
ÇØÆÆ
Ð
Ç

Õ
ÅÀ
É
Õ
ÈFÖÃ

ÇÒ
ËÌÅ
Ô
ÖGÃ

Ó
<ÅGËÀ
Ó
Ê
Î
Ã
Ò
Å
ÔÇ
Á
ÓﬀÒ
É
Æ
Ã"Ö
ÇÕ^Æ
Å
Â­ÆÓ

É
Õ
Å
Ô
Ã
ÒxÛxÜ\ÝCÜ\Þ
#ß«ß
È
Æ
Ë
ÖGÃ
Ò
<ÅGË
Ç
Á
Ò

Ã
Õ'Ô
Å
Ò
Ë
ÛxÜ\ÝCÜ\Þ
#ß«ß
ﬂ¶àLá¶àtâoãﬃ! Nä¼â#åŁæ\ã#"%$å#&xâ#ç«æ'$ﬁã ( 
X
Middle of Segline
3-Module Common Point
2-Module Common Point
Centre of Module
XX
X
X X
X
èIéêVë\ìîí¶êVìVïPìVëMð ñòfìîó4ô6õGö4é÷nø òfñòP÷\óð ùø\ø@ìîó4ñòfúrùñó4êîò ø_òPó4ûòfñ6ëüýþ
ýòPóß è!öúéêîò èIöúß öë\ôòP÷
   
ñö ñö  8èIù¶ýòPó þêîóß
 
	    
ñö 
ò ­ýòPó4êVìVñò 
	 	
ñö
 

ò ûìVúú¶êîòö«ýòPó4êXìVñò 
	    
ñö ò Nòfìîó4ô<ë_òfúﬀ­ýòPó4êXìVñò 
	 	
ñö
 
ò 8èIù¶ýòPó þêîóß
 
	  
ñö ñö 
ﬂﬁò ﬃòfñ<ë_÷\òﬁö¼èIöúé¶êîò 
	 	
ñö ñö 
ﬂﬁò
	
MèIöú ßﬃö4ûûgö4ñ!ü2ö4ìXñ6ë 
	
 ñö ñö ﬂﬁò 8èIù¶ýòPó þêîóß
 
 "!  
 ñö 
ﬂﬁò ﬃòfñ<ë_÷\òﬁö¼èIöúé¶êîò 
 "! 	
  
ﬂﬁò
	
MèIöú ßﬃö4ûûgö4ñ!ü2ö4ìXñ6ë 
 "!  
  
ﬂﬁò
 
MèIöú ßﬃö4ûûgö4ñ!ü2ö4ìXñ6ë 
 "!

	
 ﬂﬁò 8èIù¶ýòPó 
 "!

 
 ﬂﬁò 8èIù¶ýòPó þêîóß
	
 "!
 ñö  ﬂﬁò 8èIù¶ýòPó þêîóß
 
?ûòfùñø#¶úöòføµñöëµúòPíòfñ¶úö4ñrë\ôìVø%$mùêVéò

Ð
Ã'&
.#×vÒ)(
Q
FH
=KJv;
H
J+*4J =M9
ß_:
36;3<1
:
361=D147
H
3#D
H
7E5MJ =POB-,­E5 =PO43#D
H
J`7143
:

ß/.NHvF
>\=\3<5
]
O43C>@3A7
ß
BC3<1= D1
:
BCE
:GFH
3lB
FH
=KJL;
H
J+*4J =M9

=PO431
F
B

3<5E0,1434J`7O

E
F
58>sE0,=PO43e5831,­3<58361"*A3t>@3A7BC3<1=
D1
:
=PO43 2
ß
36143<5^79
:
3'=\3<5jB/Jv143
4
OJ+*6OTD147
H
3 =\ExD4>n>PJ`71RD1
:
4
OJ *<Ox5835¾143<BC3<1=gD
H
7E5jJ =POB
=\E
F
>n3

687ØQrDmp093A7;:

687<93A7
H
JL143:

D1
:
4
36J 7O=\3
:
687=93A7
H
JL143: D<5^3
:
35¾143
:
Jv1
]
D

H
3?>
V 
E1s;6D473A@
G
]
O43CB

ß
QE
:

.
EB/B#E1EDGE¶JL1=GF

=PO43HB

ß
QE
:

.
EB/B#E1EDGE¶JL1=GF

=PO43HB
.
3<1=P583 E0,?QE
:<ß
FH
31FD1
:
=PO43IBPQIJ
::GH
3rE0,ﬂ93A7
H
JL1431F
J4
OJ+*6OJ >#=PO43RB/J
::GH
3bE0,µ=PO43
H
Jv143=
4
Ed1434J`7O

E
F
5jJv147
>@3A7BC3<1=\>oJL1
:
J


3<5^3<1=#BCE
:GFH
3A>>fO6D<5^3

D<583>fO4E
4
1!JL1s=PO43/>

3'=K*<ObD

Ec43

(.
z|{ âo}#çMLµå~ﬂ¶àxNL#çML z ç$ﬁå¶æ@& Nä¼â#ç«æ'$ão
0
10
20
30
40
50
0O 500P 1000 1500 2000 2500
SigmaQ
(DfR
<
z1
>
) FW
H
M
 
[ d
eg
 ]
(S DfT <U z1V >W )
X
FWHM  single module without segment PSA
(S DfT <U z1V >W )
X
FWHM  single module with segment PSA
(S DfT <U z1V >W )
X
FWHM  aligned 3-Cluster with segment PSA
SigmaQ
(R
<
z1
>
×
Df
R
<
z1
>
) FW
H
M
 
[ c
m
 ]
(RS <U z1V >W × Df
T
<
U z1V >W )
X
FWHM  single module without segment PSA
(RS <U z1V >W × Df
T
<
U z1V >W )
X
FWHM  single module with segment PSA
(RS <U z1V >W × Df
T
<U z1V >W )
X
FWHM  aligned 3-Cluster with segment PSA
Energy [ keV ]
0
0.5
1
1.5
0O 500P 1000Y 1500Y 2000 2500Z
[]\_^a`cb
&
.#×vÒ(
Y147
FH
D65|583>nE
H[F
=KJ`E1edf6lD1
:
Y5g*ihij<36147=POlk23A>@E
H[F
=KJ`E1
Únmporqtscu
df6xE0,¨=PO43v,
FH[H
D147
H
3D
H
7E5MJ =POBewyxg1
H
9lz|{J{>?D<583r;658E}*A3>n>@3
:
w

Î

Ã
`
É
Ç
&
b
×
[
Æ
b
Ç
Ác&rÉ
\
È
`
Ã

Ç
\
Æ
Å
É
<Å~\_b/bØËc\8
Ç
\
Æ
Å^
&
Æ
Èﬀ&
Ç
b
Öl×
\
Ç
Á
TËc\
É
Ç
Å
Ê&
Ð
&
Ç_×
&&
Å
É
Æ
`cb
Ê&
ÅË
È
Æ
Ëc`
Ã'&
ÆÂvm×v
ÊÈ
×

É
`
É&
Ë
×
[
Æ
b
Ç
Ác&bÉ
\ÄÅc^
Ã'& È
Æ
Ëc`
Ã_&Ñ
Ç
Ác&rÉ
Æ
`b
Ê&
×

É

Ã
\'^Å
&
Ë
×
\
Ç
Á
b
&É
Õ
&AÊ
ÇÇKÆ Ç
Ác&gÈ
Æ
Ëc`
Ã_&0 ÉÊ&
Å
Ç
b
&AÃ
\ÄÅ
&Ñ
Â­Æ
b
Ç
Ác&

Î

Ã
`
É
Ç
&
b
×
\
Ç
Á
b
&É
Õ
&AÊ
ÇÇØÆ
Ç
Á&sÊ
Æ
ÈIÈ
Æ
Å
&
Ëc^
&
ÆÂ

ÃÄÃ
Ç
Á
b
&&/È
Æ
Ëc`
Ã'&AÉ
Ï
Ê&
Å
Ç
b
&Ã
\^Å
&
Æ<ÂÇ
Á&

Î

Ã
`
É
Ç
&
b
Óp×
Ác&sÉ
\
È
`
Ã

Î
Ç
\
Æ
Åf^mÔ
&
Õb
&
Ë\
Ê
Ç
\
Æ
Å
Â­Æ
b
Ç
Ác&
Åc^0`
Ã
0b%ÅËR0b
Ê
Î
Ã_&
Åc^
Ç
Á
b
&AÉ
Æ
Ã
`
Ç
\
Æ
Å
×
\
Ç
Á
b
&AÉ
Õ
&Ê
ÇÇØÆsÇ
Á&
b
&
Â
&
b
&
Å
Ê&
Ë
&
Õ
Ç
Á'=Ł<
Ït?<Ó
×
Á&
b
&É
Æ
Ã
`
Ç
\
Æ
Å
×

É
Æ
Ð
Ç
0\ÄÅ
&
ËIÐ
Ö!ÍGÇnÇ
\^Å^30`
ÉnÉ
\^Å
Ê
`bnÔ
&
ÇKÆgÇ
Á&
Å^a`
Ã
bµÅGËI0b
Ê
Î
Ã'&
Åc^
Ç
Á
Ë
&
Ô}\8
Ç
\
Æ
ÅbÕ
Ã
ÆÇ
É
<ÅGË
Ç


\^Åc^
Ç
Á&
[
oÛ Æ<Â Ç
Á&
0`
ÉØÉ
\8Å
ÍGÇA×

É!Ê
<ÅhÐ
&É&&
Å\^Å[]\_^a`cb
&
.×LÒ
Ð
ÆÇ
Á
Ç
Á&
Å^a`
Ã
bb
&AÉ
Æ
Ã
`
Ç
\
Æ
Åh<ÅGË
Ç
Ác&
0b
Ê
Î
Ã'&
Åc^
Ç
Á
b
&É
Æ
Ã
`
Ç
\
Æ
Å
ÉnÁ
Æ×

ÉØÁ
0bØÕb\
É&
Ð
&
Ç_×
&&
Å
s
&

ÅGËT0
s
&
 Â
b
Æ
È
a%ÇKÆg.a
<ÅGË
Â
b
Æ
È
× .
ÊAÈ
ÇKÆf×vÒ
ÊAÈxÑ
b
&É
Õ
&AÊ
Ç
\ÄÔ
&AÃ
Ö×GÜÂ¨Ç
Á&
Åc^a`
Ã
0bb
&
Í
Å
&AÈf&
Å
Ç
Ð
Ö
É/&
^
Èf&
Å
Ç


¶àLá¶àtâoã3fNä¼â#åŁæ\ãv¡ åv¢xâ#ç«æ1 ﬁã £¥¤
\ É ` É/& Ë Ñ
Ç
Ác&
Ö
Á mÔ &  È 
Ù
\ È ` È 
Ç
Ð
Æ
`
Ç
¤
I
&
~×
\
Ç
Á Å^a` Ã b¦b &AÉ
Æ
Ã `
Ç
\
Æ
ÅxÔ Ã ` &É
ÆÂ

0
ÅGËH§
Ò
ÅGË
×
\
Ç
Á 0b Ê
Î
Ã_& Åc^
Ç
Á b &AÉ
Æ
Ã `
Ç
\
Æ
ÅÔ Ã ` &É
ÆÂ¨×©
ÊAÈ ÅGË
<×
 ÊÈ
Â­Æ
b
Ç
Á&/É \^Åc^ Ã'&oÈ
Æ
Ë` Ã'& <ÅGË
Ç
Ác&  Ã \_^Å & ËT
Î
 Ã ` É
Ç
& b Ñ b &AÉ Õ &Ê
Ç
\ÄÔ &Ã
Ö<×
Ác& ÅlbË &AÊ b &  É&
ÇØÆ
Å
 ÃÄÈ
Æ
É
Ç
Ê
Æ
Å É
Ç
Å
Ç
Ã_& Ô &AÃGÉnÃ \'^ Á
Ç
Ã
Ö
Ð &Ã
Æ×ÀÇ
Ác&ﬁÈ 
Ù
\ È ` È Ô< Ã ` & \ É
Æ
Ð É/& b@Ô & Ë
×
\
Ç
Á
Æ
`
Ç Ç
Á&
É/& ^ Èf& Å
Ç?


Ç
Á&CÈ 0^Åc\
Ç
`GË &AÉ
ÆÂ Ç
Ác&AÉ& b &AÉ
Æ
Ã `
Ç
\
Æ
Å ÉµÊ
Æ
Å
Ç
\^Å;` &
ÇKÆ
^ab
Æ4×
ÅGËR<ÕGÕcb
Æ
 ÊPÁ
 Ã \ È \
Ç
Ñ
×
Á \ ÊPÁ \ ÉÈ ` ÊPÁkÁ \'^ Ác& b
Ï<
¤
a
Ñ
×«ª
ÊÈ
Óp×
Ác& b &AÉ
Æ
Ã `
Ç
\
Æ
Å¬\ È Õcb
Æ
Ô &AÉ Ð
Ö

¥­
®
ÅGËE§¥¯
­~Â­Æ
b
Ç
Á&
®
Åc^ Ã'&
®
ÅGË
®
b Ê
Î
Ã'& Åc^
Ç
ÁZÑ b &É Õ &AÊ
Ç
\ÄÔ &AÃ
Ö
Ñ \
Â
É/& ^ Èf& Å
Ç¦


\ É°&AÈ Õ Ã
ÆÖ
& Ë
×
ÜÇ
Á
®
É Ð && Å ÉØÁ
Æ×
Å
Ç
Á
®
Ç
®
b &
®
É
Æ
Å
®
Ð Ã'&
Ï
Ê
Æ
È Õ
®
b &
×
\
Ç
Á []\'^a`b & §
×p±Ó
®
Åc^a` Ã
®
b
®
ÅË
®
b Ê
Î
Ã'& Åc^
Ç
Á b &É
Æ
Ã `
Ç
\
Æ
Ål\ É
Æ
Ð
Ç
®
\ÄÅ & Ë
Â
b
Æ
È
Ç
Ác&
Â
` ÃÄÃ
®
Åc^ Ã_&
®
Ã ^
Æ
b\
Ç
ÁGÈIÉ
Â­Æ
b
Ç
Á&#É \ÄÅc^ Ã_&?È
Æ
Ëc` Ã'&
®
ÅGË
Ç
Ác&
®
Ã \'^Å & ËR
Î
 Ã ` É
Ç
& b
×
Á&AÉ/&
®
Ã ^
Æ
b\
Ç
ÁÈIÉ%Ê
Æ
Å É \ É
ÇÆÂ¨Ç_×Æ
Õ
®
b
Ç
ÉAÑ
Ç
Ác& Ð
®
É \ Ê
®
Åc^ Ã'&
®
ÉnÉ \'^Å Èﬀ& Å
Ç
®
ÅGË Ñ \
Â
®
ÕGÕ Ã \ Ê
®
Ð Ã'&Ñ
Ç
Ác&
®
Å^a` Ã
®
bb &
Í
Å &Èﬀ& Å
ÇA×
Ác&
®
ÉØÉ \_^Å Èf& Å
Ç
®
Ã ^
Æ
b\
Ç
ÁGÈ
Æ
Å Ã
Ö
b &AÃ \ &É
Æ
Å
Ç
Ác&É& ^ Èf& Å
Ç
Á \
Ç
Õ
®
ÇØÇ
& bØÅ Ñ
×
Ác& b &
®
É
Ç
Ác& b &
Í
Å &Èﬀ& Å
Ç
\ É
Æ
Ð
Ç
®
\ÄÅ & Ë
Â
b
Æ
È
É/&
^
Èf&
Å
Ç²


×6
Á
\
Ã'&
Ç
Ác&
Ð
®
É
\
Ê
®
ÉØÉ
\_^Å
Èf&
Å
Ç
\
É
Ëc\_b
&AÊ
Ç
Ã
ÖgÆ
Ð
Ç
®
\^Å
&
Ë
Â
b
Æ
È
Ç
Ác&
®
Å
®
Ã
Ö
É
\
É
ÆÂ
Ç
Á&CÁ
\
Ç
Õ
®
ÇØÇ
&
bØÅ
Ñ¶Ê
Æ
b/b
&AÃ
®
Ç
\
Æ
Å
Â
`GÅ
Ê
Ç
\
Æ
Å
É
6c³´

Ï¶µ"·¹¸ºµ»M¸
6y¼¾½K¿
'À_
Ó
®
ÅGË
6c³´

Ï¶µÁ]¸ºµ
À_¾Â
¸
6y¼¾½K¿
'À_
Ó
®
b
&
Å
&&
Ë
&
Ë
Â­Æ
b
Ç
Ác&
Í
b
É
Ç
®
ÅGË
Ç
Á&/É&AÊ
Æ
ÅGËb
&
Í
Å
&AÈf&
Å
Ç
®
Ã
^
Æ
b/\
Ç
ÁGÈxÑ
b
&AÉ
Õ
&Ê
Ç
\XÔ
&Ã
Ö× Ü
Å
Æ
b
Î
Ë
&
b
ÇØÆ
`
É/&
Ç
Ác&É/&
®
Ã
^
Æ
b/\
Ç
ÁGÈ!É
\^Å
&
Ù
Õ
&
b\
Èf&
Å
Ç
Ñ
Æ
Å
&
Å
Æ×
Á
®
É
ÇØÆ
Ëc\
ÉØÊ
`
ÉØÉ%Á
Æ× Ç
Ác&
b
&AÉ
`
Ã
Ç
É
Æ
Ð
Ç
®
\^Å
&
ËÃ\^Å
Ç
Á&/É
\
È
`
Ã
®
Ç
\
Æ
Å
ÉÊ
®
ÅxÐ
&
Ç
b
®
Å
É
Â
&
bb
&
Ë
ÇØÆ
&
Ù
Õ
&
b/\
Èf&
Å
Ç
É
×
¥Ä8ÄªM½j±¬·4½M»¾¦Ì»yÅ?·4¸¨´e¥Tª­§ » ®<½u·4¸8Æ º½M¦ÇvÈÄ ´¶®6½¶Æk´¶¦2·4º
É
\ÄÅ
Ê&
Ç
Á&
b
&AÃ
\
®
Ðc\
Ã
\
Ç_ÖtÆ<ÂÇ
Á&
¨Ê%Ë
Ý¦Ì
É
\
È
`
Ã
®
Ç
\
Æ
Å
É
\
ÉÊ
Æ
Å
É
\ÄË
&
b
®
Ð
Ã
Ö
Ð
&
ÇØÇ
&
b
Ç
Á
®
Å
Ç
Á&
b
&Ã
\
®
Ðc\
Ã
\
Ç_ÖiÆÂ#Ç
Ác&
Õ`
Ã^É&É
\
È
`
Ã
®
Ç
\
Æ
Å
É
Ï
&
×
^
×
Å
Æ
®
ÉnÉ
`
È
Õ
Ç
\
Æ
Å
®
Ð
Æ
`
Ç
®
ÅÎÍ
®
Ô
&
b
®
^
&
Ë
&
Î
Ç
&Ê
ÇØÆ
b/Ï
Ó
Ñ
Ç
Ác&
Ð
®
É
\
Ê
®
Åc^
Ã_&
®
ÉØÉ
\'^Å
Èﬀ&
Å
Ç
®
Ã
^
Æ
b/\
Ç
ÁGÈ Ê
®
ÅlÐ
&
Ç
b
®
Å
É
Â
&
bb
&
Ë
ÇKÆ
&
Ù
Õ
&
b/\
Èﬀ&
Å
Ç
®
É
\
Ç
\
ÉÑ
Å
Æ
®
ËÐ`
É
Ç
Èf&
Å
Ç
É
®
b
&
Å
&&
Ë
&
Ë
×Ñ
Å
Â­Æ
b
Ç
`Å
®
Ç
&Ã
Ö
Ñ
Ç
Á
\
É
\
É
Å
ÆÇÇ
b`
&
Â­Æ
b
Ç
Ác&
b
&
Î
Í
Å
&Èﬀ&
Å
Ç
®
Ã
^
Æ
b\
Ç
ÁGÈIÉ
×;Ì
Ác&Ê
Æ
bb
&AÃ
®
Ç
\
Æ
Å
Â
`GÅ
Ê
Ç
\
Æ
Å
É
Æ
Ð
Ç
®
\ÄÅ
&
Ë
Â
b
Æ
È É
\
È
`
Ã
®
Ç
\
Æ
Å
®
b
&
Å
Æ<Ç
^
Æ¶Æ
Ë
&
Å
Æ
`c^
Á
®
ÅGË
Ç
Ác&ﬁÉ
®
Èﬀ&
Õcb
Æ
Ê&
Ëc`b
&
Å
&&
Ë
&
Ë
ÇØÆ
^
&
Å
&
b
®
Ç
&
Ç
Ác&ﬁÊ
Æ
bb
&AÃ
®
Ç
\
Æ
Å
Â
`GÅ
Ê
Ç
\
Æ
Å
Â­Æ
b
Ç
Ác&gÉ
Ç
&&
Õ
&AÉ
ÇnÎ
ÉØÃ
Æ
Õ
&
®
Ã
^
Æ
b/\
Ç
ÁGÈ Á
®
É
ÇØÆ
Ð
&
®
ÕÕ
Ã
\
&
Ë
Ï
É&&
Õ
®
^
&eÒ
¯
Ók×Ü
Å
®
Ê
®
Ã
\^Ðb
®
Ç
\
Æ
Å
Ð
&
®
È
ÎÇ
\
Èf&
2
Î
É
\^Åc^
Ã'&AÉ
×
\
Ç
Á
Ç
Ác&gÊ
Æ
b/b
&AÊ
Ç
Á
\
Ç
Õ
®
ÇØÇ
&
bØÅ
ÉÁ
®
Ô
&
ÇKÆ
Ð
&
b
&Ê
Æ
bnË
&
Ë
Ï
2
Î
&
Å
&
b/^
Ö
Ñ
Ó
À'Ô
½GÕ
'ÑZÉ/&
^
Èﬀ&
Å
Ç
&
Å
&
b/^a\
&AÉAÑ?Ö
µÁ
Ö
®
ÅGË
µ
À_¶Â
Æ
b
Ö
µ»
Ö
®
ÅË
Ö
µ·
Ö
Ó?Â­Æ
b
®
Å
Æ0×
\ÄÅ
&
Î
&
Ô
®
Ã
`
®
Ç
\
Æ
Å
×
Ì
Ác&
Õ
®
b
®
Èﬀ&
Ç
&
b
É
ÆÂ#Ç
Ác&Ê
Æ
bb
&AÃ
®
Ç
\
Æ
Å
Â
`GÅ
Ê
Ç
\
Æ
Å
Á
®
Ô
&
ÇØÆ
Ð
&
Ë
&
Ëc`
Ê&
Ë
Â
b
Æ
È
®
Å
Æ
Õ
Ç
\
Î
È
\'Ø
®
Ç
\
Æ
Å
ÆÂ Ç
Ác&Ù&
Å
&
b^
Ö
b
&AÉ
Æ
Ã
`
Ç
\
Æ
Å
®
ÂuÇ
&
b?Ú
Æ
ÕGÕ
Ã'&
b
Ê
Æ
b/b
&AÊ
Ç
\
Æ
Å
×}Û
Á
\
Ã'&
Ç
Á&
Ð
®
É
\
Ê
®
Åc^
Ã'&
®
ÉnÉ
\'^Å
Èﬀ&
Å
Ç
®
Ã
^
Æ
b/\
Ç
ÁGÈÁ
®
É
Ð
&&
Å
É
`
ÊAÊ&ÉØÉ
Â
`
Ã^Ã
Ö
®
ÕGÕ
Ã
\
&
Ë
ÇØÆgÇ
Ác&
Ë
®
Ç
®
ÆÂ2Ç
Ác&A&
Ù
Õ
&
b/\
Èﬀ&
Å
Ç
Ë
&ÉØÊ
b\^Ð
&
ËÜ\ÄÅ
ÊPÁ
®
Õ
Ç
&
b
¤Ñ
Ç
Ác&
®
Åc^0`
Ã
®
bAb
&
Í
Å
&Èﬀ&
Å
Ç
Á
®
É
Å
ÆÇ?Ö
&
Ç
Ð
&&
Å
Ç
&AÉ
Ç
&
ËÜ\ÄÅ
®
ÅÝ\^Å
Î
Ð
&
®
ÈÞ&
Ù
Õ
&
b\
Èf&
Å
Ç
Ñ
®
É
Ç
Ác&3&AÃ_&AÊ
Ç
b
Æ
Åc\
ÊÉ
®
Ô
®
\
Ã
®
Ð
Ã'&
®
Ç?Ç
Á
®
Ç#Ç
\
Èf&sÁ
®
É
Å
ÆÇ
Ð
&&
Å
®
Ð
Ã_&
ÇØÆ
£± ß²à
âÙá#çMLµåÎ¶àEâNL#çML
ß
ç ﬁåäã¶ær¢åNä¼â#ç«æ1 ãÙã
b &Ê
Æ
bnË
Ç
Ác&É/& ^ Èﬀ& Å
Ç
Õ` Ã^É&AÉ
×
æçæ èêéëì¨íAîì¨ï èñð¬ì¨òóô õöìn÷%ølùúîﬂûøð ü¥øﬀò ý þ%ß þ 

èêéëì¨ò?û	 ì ðî%÷


 ﬀﬁﬃﬂ! "ﬁ$#&%('*)+ﬁ,.-0/212-0 
Ì03
&¦&54c& b/^
ÖÎ
Ë & Õ &54 Ë &6487 b
®
Ëc\
®:9y®
4 Ë
®
b Ê
Î
9
&54 ^ 7
3
b &AÉ2;
9
` 7 \ ;<4É
3
®
Ô & Ð &&54Ê5;È Õc\
9
& Ë Ñ
®
4 Ë
Ê
®
4 Ð & ` É/& Ë 7; Õcb & Ëc\ Ê67=7
3
&&54& b/^
Ö
b &AÉ2;
9
` 7 \ ;:4
®?>
7º& bnÚ ; ÕÕ
9
& b Ê5; bb &AÊ@7 \ ;<4
×¹
;
×
& Ô & b
7
3
& b
®
Ëc\
®:9|®
4 Ë
®
b Ê
Î
9
&54 ^ 7
3
b &É;
9
` 7 \ ;<4 Ô
®:9
` &Éﬀ; Ð 7
®
\ 4c& Ë\ 4bÉ/&Ê67 \ ;<4GÉ §
×vÒ
Ñ §
×BA"3
®
Ô &DCJ&&54
E
&@7º& b2Fﬀ\ 4c&
E
×
\ 7
3
b &6G Õ &5H@7=7;I7
3
& b &
>
& b &54JH&
E
&5K7
3
'=fŁt6L
?:M/6N&OP3
\
9
&Q7
3
&RK b &
E \ HTS
7 \ ;<4.G
>
; b 7
3
& &64c& b^:UEb &5G2;
9
` 7 \ ;:4
®V>
7/& bÚ ;<K.K
9
& b H6; b/b &5H67 \ ;<4 ^a\XW &54 \ 4YG/&6H67 \ ;<4 §
×_×
§ ;<4
K
®
^ &v¤
A
®
b &
E
&67º& bFf\ 4c&
E
O
\ 7
3
b &6GK &5H67Z7;[7
3
&
E
&@7º&5H@7; b
>
b ;:4\7
®:9
K
9'®
4c&¥ ¯
×;Ì03
& b &
>
; b &
7
3
&
b
®
E
\
®V9
b
&5G2;
9
`
7
\
;:4
d^]
mporqts
®
4
E
®
b
H@S
9
&54
^
7
3
b
&5G2;
9
`
7
\
;:4
]
mporqts%u
dﬀ6
m oKqts3
®
W
&_CJ&&54
GH
®:9
&
E
7;^;<CJ7
®
\
4
®
K.K
b
;a`
\bF
®
7º&
W
®:9
`
&5G
>
;
b
d^]dc
®
4
E_]dc
u
df6&c
(
d^]dc(eêdf]
m o
q
sﬃg h
hi
Ł<5L
?VM
®
4
E
L
]dc
u
df6jc
M
e
L
]
mporqtsu
df6
m oKqtsM
g
h
hdi
Ł<@L
?:M/
¸
OP3
&
b
&
h


¯
×p±
H
Fñ\
G$7
3
&
E
\
G27
®
4.H&kCJ&@7
O
&&54^7
3
&k7
®
b/^
&67
®
4
E
7
3
&kH&5487
b
&P;
>
7
3
&
>
b
;<487
®:9
K
9'®
4c&R;
>
7
3
&
E
&@7º&6H67;
blF
;
E
`
9
&6G
×Ì03
&^G2H
®:9
&
E
&54c&
b/^:U
S
E
&5K &54
E
&6487
®
b
H@S
9
&54
^
7
3
®
4
E
b
®
S
E
\
®:9
b
&5G2;
9
`
7
\
;<4JG
®
b
&QG
3
;
O
4
\
4m7
3
&
`
K.K &
b
®
4
E
\
4n7
3
&
Fﬀ\
E.E
9
&QK
®
4&
9
;
>
[M\'^a`cb
&
§
×po
Ò
×
[|`cb
7
3
&
b2F
;
b
&_7
3
& &5Gq7
\rF
®
7/&
E
b
&
9'®
7
\XW
&Ü&64c&
b^:Uåb
&5G;
9
`
7
\
;<4
®V>
7º&
bÚ
;<K.K
9
&
b
H5;
bb
&5H@7
\
;<4
>
;
b
®
2
S=&
Ff\
77
\
4
^
4
`
H
9
&
`
Gs7
b
®
W
&
9r9
\
4
^\
4mC &
®
F
E
\'b
&5H67
\
;<4
O
\
7
3mt

¯
×
¯
±
¤
®
4
E
7
3
&
^
&
b
S
F
®
4
\'`JF
E
&@7º&6H67;
b
K&;<G
\
7
\
;<4c&
E
®
7
®
4
®
4
^
9
&u&v/xwKN£
¯

\
G
E
&6K
\
H@7º&
E
\
4y7
3
&
9
;
O
&
b
K
®
4&
9
×
Ì03
&n&54c&
b/^:UEb
&5G;
9
`
7
\
;<4
3
®
GDC &&54
E
&
E
`
H&
E
`
G
\
4
^ﬀ[]\'^a`b
&
§
×«±
;:4mK
®
^
&e¤0¤
×|Ì03
&=G
F
®:9b9
E
\Xz
&
b
&54JH&[CJ&@7
O
&&54
?
®
4
E
°·
Ô
¿|{
>
;
b
®
E
&@7º&5H@7;
b
®
7D}

e
£
¯
P3
®
GPC &&54Y4c&
^
9
&6H67º&
E
×
Ë
G"H
®
4C &~G/&&54
\
4
[]\_^a`cb
&
§
×po
ÒS
Fﬀ\
E.E
9
&[K
®
4c&
9
N
7
3
&
b
®
E
\
®:9
b
&6G;
9
`
7
\
;<4
3
®
G
®
KJ&
®:®
7
®
C&;
`
7
A
¤
¯

&@~
®
7k7
3
&6G/&N&64c&
b^a\
&6Gk7
3
&
O
\
E
7
3
;
>
7
3
&
b
®
E
\
®:9
b
&6G;
9
`
7
\
;<4
\
G
9g®
b/^
&
b
7
3
®
4
7
3
&
O
\
E
7
3
;
>
7
3
&
®
b
HTS
9
&64
^
7
3
b
&5G2;
9
`
7
\
;:4LG/&&
`
K.KJ&
b
K
®
4c&
9
Mp×Û3
\
9
&Q7
3
&
b
®
E
\
®:9
b
&5G;?S
9
`
7
\
;:4
\bF
K
b
;
W
&5G0G
\'^
4
\X
H
®
4\7
9
U
®
7
3
\'^
3
&
b
&64c&
b^a\
&6G
N
7
3
&
®
b
H@S
9
&54
^
7
3
b
&5G;
9
`
7
\
;<4
b
&
®
H
3
&5G
®
F
®
`
\rF3`.F
®
7¦¤
¯0¯

&6
®
4
E
;:4
9
U
G
9
\'^
3
7
9
Ufb
&67
b
&
®
7G07;
®
4
®V9
F
;<G27(H5;<4.Gq7
®
487
W
®:9
`
&;
>
®
C&;
`
7

H
F
×
;
F
K
®
b\
4
^
7
3
&5G/&
b
&5G
`
9
7G
O
\
7
3
[]\'^a`b
&
§
×«±JN
\
7
>
;
9b9
;
O
GP7
3
®
7D7
3
& &54c&
b/^:U
b
&6G;
9
`
7
\
;<4
\
G
9
\rFﬀ\
7º&
E
C
U
7
3
&
b
®
E
\
®:9
b
&5G;
9
`
7
\
;<4;<4
9
U
>
;
b
&54c&
b/^a\
&5GfCJ&
9
;
OA
¤
¯

&6
N
¶à ¶àELﬀŁÙáL
ß
çMLâ Lµã¦L%åÙRhåLﬂã ﬁäç«æ1 ﬁã £¥Ò
0
0.5
1
0 1000 2000
0
0.5
1
0 1000 2000
Sigma
(R
0×
Df
0) F
W
H
M
 
[ c
m
 ]
(R 0 × Df

0 )

FWHM  single module
(R 0 × Df 0 )

FWHM aligned 3-Cluster
Sigma
(D
R
0) F
W
H
M
 
[ c
m
 ]
( D R0 )

FWHM  single module
( D R0 )

FWHM  aligned 3-Cluster
E
D
E F
W
H
M
/E
 [

 
%
 ]
Energy [ keV ]
D
 EFWHM  single module
D
 EFWHM  aligned 3-Cluster
0
0.25
0.5
0.75
0 1000 2000
[]\_^a`cb
&
§
×po
Ò
(
9j=8	5:<T J ¢¡£62JB	J \ ¡£5T8 p ¤¡£?	 ¥YV ?¡£¤:¦¢¡£5qJB	J 
,§V¡^¨ﬀJ88 V¡n*58¡©¡b*@J  ,x\¡"«ª!« ¤J ¬®­X¯(­r°²±°j)js.8 !\ ³«ª¬®­X¯(­r°²±?jjµ´h
.
pV¡Gw­¶ d«ª=88:V¡$?8 V?«ª?¡g*1h ? ¤:«ªR¡£62JB	J =]sc
u
df6&cs ·@ª
4
 \¸jp "«ªl[8. 
?8 V$«ª¢¡§J¹8Z¡b5qJp	 J  df]scmf8V<+*@5yw»ºDª¼¡£5T8 p ¤½V ?¡£¤:¦½¡b5qJp	 J ¢",§?¡
¨ﬀJ88 V¡|*6\¡¡£*6 ¦,x8¡°2|h¾?= ¾ ¤Q 8"*? V,«¡§	¥Vp¿ ¤lp "À<5\ÁJ¡b*6 J 
4
 «ª
t,Â[Ã
w
Ã<ÄVÅ
8 y«ªR¤:V¡©d8 <8Æ8@*@\¡P:<T J 6Ys8 Ç8 ¤J 
u&v/xw
Â"È<Ãa
s@ª
4
 y ^«ªI 
4
?¡
?8 V w.ºPª¦8<+*a8¡¡§J¹	J l¤<5d@«¡6°,x\¡É«ª[« ¤J ^sÊ.8 =\ ^«ª=´h
.
pV¡,V¡b
q5l7qV¡£¤:6,Jq\ "*6D,$Ë
Ã
w
Ä
*?Q¸<qV¡b¤<6$8B¤ 5
4
 «ªl¡b5T<*6ﬃ"«ªs.8 °*5V 	«¡bV¿ 
8 ^«ªN*?¡b¦6<qﬂ*5? 	«¡£V¿ V¸²¡£5T<*6 ¥V ¦:1w.]dc
u
df6&cP8 ﬀd^]dcsV¡bJÀ	q< 5yÀ@¦lr*a8Bp ¤
,¾¡£ zJ ¤J8¡£¡>|w¿Ì
Ä
\  zJ¤J8¡b>|w¶Ë>|waºPª·V V¡b¤:¦¡b5qJp	 J ¹*a8 *?8	5Q« ¤ zJ¤J8¡bﬂ>cw
Ä
w
£ª ß²àDÍ
ádÎ,Ï·ÐÎÊÑEâ"ÏdÎ,Ï
ß
Î PÐäãÊÒr¢å,Ó
Í
ÎÔÒ1 0ÕÙã
®
7sÖ54.Ö b/^a\ Ö5G
®
C; W Ö¤ ¯a¯

Ö@Æ7
3
Ö
®
b H@S
9
Ö54 ^ 7
3
b Ö5G2;
9
` 7 \ ;:4
O
\
9b99
\rFﬀ\ 7k7
3
ÖlÖ64.Ö b^:Ub Ö5G2;
9
` S
7 \ ;<4
×J×
4
9
U
®
F ;
E
Ö b
®
7ÖdÖ54JÖ b/^VUb Ö6G;
9
` 7 \ ;<4
3
®
Gk7;~C&Ö"Ö@`K&Ö5H67Ö
E
>
; b Ö64.Ö b^a\ Ö6G0CÖ@7
O
Ö6Ö54
A
¯a¯

Ö6
®
4
E
±
¯a¯

Ö6
OP3
Ö b Ö~7
3
Ö [
ÛdØÙO
\ E
7
3
G;
>
C&;:7
3
7
3
Ö b
®
E \
®V9M®
4
E
7
3
Ö
®
b HTS
9
Ö64 ^ 7
3
b Ö5G2;
9
` 7 \ ;<4JG
®
b Ö"H
9
;<G2Ö[7;R7
3
Ö \'b0F
®
` \bF3`.F
×


qÚ ÛsÜ1[/2ﬀﬁ$ﬂÙ! "ﬁ$#&%('*)Ýﬁ$.-0/21dj2-k 
Ì03
Ö
E
Ö@7Ö bFf\ 4
®
7 \ ;<4;
>
7
3
Ö b
®
E \
®:9®
4
E
®
b H@S
9
Ö64 ^ 7
3
b Ö5G2;
9
` 7 \ ;:4 \ GÇ4.;:7I4JÖ5H5Ö6GG
®
b2U 7;
;<CJ7
®
\ 4
®
4Ö64.Ö b^:U b Ö6G;
9
` 7 \ ;<4
×,Þ
7 \ G
®:9
G;K&;<GG \ C
9
ÖI7;
E \'b Ö5H@7
9
U G \rF3`
9'®
7ÖÇ7
3
ÖyÖ54.Ö b/^:U
b Ö6G;
9
` 7 \ ;<4^C U\ 4
E \XW}\ E `
®V9b9
U K b ;H6Ö5G2G \ 4 ^ Ö
®
H
3
[²ÊÊ
×;Ì03
Ö b
®
E \_` G
®
4
E
7
3
Ö
®
4 ^
9
Ö
®
b ÖD;<CS
7
®
\ 4.Ö
E
>
b ; F 7
3
Ö b Ö5G2KÖ6H67 \rW Ö
®:9
^ ; b/\ 7
3
F G
N
>
; b 7
3
Ö Ø S¾H6;; b
E \ 4
®
7Ö7
3
Ö F Ö
®
4 \ 487Ö b
®
H@7 \ ;:4
E
Ö6KJ7
3
Łt6L
?·
Ô
¿|{
M/
;
>
7
3
ÖlßS|Ö54.Ö b/^:UE\ 4y7
3
Ö
9'®
C; b
®
7; b2U G U G27Ö F \ G ` GÖ
E
×Ì03
ÖlÖ54.Ö b/^:U
W
®:9
` Ö5G0;<CJ7
®
\ 4JÖ
E
>
b ; F 7
3
Ö Ú ;<KJK
9
Ö b H5; bb Ö6H67 \ ;<4 ` G \ 4 ^ 7
3
Ö6GÖ[H5;Ê; b
E \ 4
®
7Ö5G
®
b Ö 
9b9
Ö
E \ 4
®
3
\
Gq7;
^0b
®
F
>
;
b
H5;
F
K
®
b\
G2;<4
O
\
7
3
7
3
Ö[H5;
bb
Ö5H@7PßjS|Ö54.Ö
b/^:U
×
[
;
b
7
3
Ö¼G
\bF3`
9g®
7
\
;<4.G
®µà
\'^
3
7
E
\_b
Ö6H67
\
;<4
®:9
;:4
^
7
3
Ö!C&Ö
®
F
®
`
\
G
O
\
7
3t

¯
×
¯
±
¤
3
®
G
C&Ö5Ö54
®
GG
`.F
Ö
E
>
;
b
7
3
ÖyßS¾Ö
Ff\
727
\
4
^
4
`
H
9
Ö
`
G
®
4
E
7
3
ÖY7
U
K
\
H
®:9
\_b/b
®
E
\
®
7
\
;<4
^
Ö5;
F
Ö67
b2U
;
>
7
3
Ö
E
Ö67Ö5H67;
b
G
U
G27Ö
F
3
®
G0CÖ6Ö54
`
GÖ
E
LG
\
4
^
9
Ö
F
;
E
`
9
Ö	á
A
S

9
`
G27Ö
b
Mp×)Ì03
Ö
3
\
G27;
^ab
®
F
G
;<CJ7
®
\
4JÖ
E
>
b
;
F
7
3
ÖYG
\bFe`
9g®
7
\
;<4JGyLG2;
9
\
E
9
\
4JÖ5G
M
®
b
ÖyG
3
;
O
4
\
4
[M\'^a`cb
Ö
§
×oª
>
;
b
7
3
b
Ö6Ö
E
\Xz
Ö
b
Ö5487ZßjS|Ö54.Ö
b/^a\
Ö5G
®
4
E
®
E
Ö67Ö5H67;
b
®
4
^
9
ÖDu&v/xwKN£
¯

×
[
;
b
H5;
F
K
®
b\
G;:4â7
3
ÖdG
\rF3`
9'®
7Ö
E
GK&Ö5H@7
b
®
;<CJ7
®
\
4JÖ
E
OP3
Ö54
®
4
`
4JGÖ
^:F
Ö64\7Ö
E
L
Ê
Ñdã0×"ä
ËdåÔå
M
F
;
E
`
9
Ö
\
G
`
G2Ö
E
®
4
E
7
3
Ö
|b
G27
\
487Ö
b
®
H@7
\
;:4
\
G
®
GG
`.F
Ö
E
7;l;ÊH5H
`cb
®
7·7
3
ÖPK&;
\
487sL
]

¯
NÊæ

¯
N
¥Ł<5L
°·
Ô
¿|{
M/M
®
b
Ö
®
E.E
Ö
E
\
4~7
3
Ö0K
9
;:7PL
E
®
G
3
Ö
E
9
\
4.Ö5G
Mk×0Ì03
ÖDG2Ö
^<F
Ö5487
®
7
\
;<4
®
4
E
K
`
9
GÖPG
3
®
KÖ
®
4
®:9
U
G
\
G
`
G2Ö
E
\
4
Ø_ÞçDÞä
ËåÉå
K
b
;
W}\
E
Ö6G
®
b
Ö
E
`
H@7
\
;:4Y;
>
7
3
Ö
9
\
4.Ö
O
\
E
7
3
C
U
®~>¶®
H@7;
b
;
>]®
C&;
`
707
3
b
Ö6Ö
×
ä
Ö
>
;
b
Ö~7
3
Ö
b
Ö
9g®
7
\rW
ÖlÖ54.Ö
b/^:UÜb
Ö5G2;
9
`
7
\
;:4
®
G
®Ç>
`
4.H@7
\
;<4;
>
7
3
Ö~ßS|Ö54.Ö
b/^:U\
GK
b
Ö5G2Ö5487Ö
E
N
\
7
3
®
Gk7;
E
\
GH
`
GG2Ö
E
\
4
E
Ö@7
®
\
9
NÊ3
;
O
7
3
Ö"Ö54.Ö
b/^:Ub
Ö5G2;
9
`
7
\
;:4
3
®
G0C&Ö5Ö54
E
Ö@7Ö
bFf\
4.Ö
E
®
4
E
3
;
O
\
7
E
Ö5G2H
b/\
CÖ6Gs7
3
Ö
®
H67
`
®:9É9
\
4.Ö"G
3
®
KÖ[;<CJ7
®
\
4JÖ
E
®V>
7Ö
b¦Ú
;:K.K
9
Ö
b
S|H5;
bb
Ö5H@7
\
;<4
×
Ë
GsH
®
4
C&ÖGÖ6Ö54
\
4I7
3
ÖGK&Ö5H@7
b
®~>
;
b
Ò
¯a¯

Ö@
\
4
[]\_^a`cb
Ö
§
×po0ªJN
7
3
Ö
Ú
;:K.K
9
Ö
b
S|H5;
bb
Ö5H@7Ö
E
ßjS|KÖ
®:
G
E
;[4.;:7
3
®
W
Ö
®

®
`
GG
\
®
4RG
3
®
KÖ
×¥Ì03
Ö
9
\
4.Ö
3
®
G
®
G
3
®
b
KÖ
b
KÖ
®:3®
4
E
9'®
b/^
Ö
b
7
®
\
9
G,7
3
®
4
®

®
`
GG
\
®
4
E
\
Gq7
b/\
C
`
7
\
;<4
×¥Ì03
Ö

®
`
GG
\
®
4

7
\
G(4.Ö
W
Ö
b
7
3
Ö
9
Ö6GGPH5;<4JG
\
E
Ö
b
Ö
E
7;
^a\rW
Ö
®
^
;Ê;
E
E
Ö6GH
b\
KJ7
\
;<4;
>
7
3
ÖRÖ54.Ö
b/^:UÜb
Ö5G2;
9
`
7
\
;:4
N
®
G7
3
Ö
®
H67
`
®:9
[
ÛØ
;
>
7
3
Ö^K&Ö
®:
\
G
®
C;
`
7
o
¤
­
G
F
®:9r9
Ö
b
7
3
®
4µ7
3
ÖI;<4.Öâ;
>
7
3
Ö

®
`
GG
\
®
4µK&Ö
®V
N
C
`
7l7
3
ÖIGq7
®
4
E
®
b
E½E
Ö
W}\
®
7
\
;<4¢è
;
>
7
3
Ö~Ö54JÖ
b/^VU
E
\
G27
b\
C
`
7
\
;:4
3
®
G
®
C&;
`
77
3
Ö~G
®
F
ÖlG
\'Ø
Ö
®
Gd7
3
Ö
[
ÛdØ
;
>
7
3
Ö~Ö54.Ö
b/^:U
E
\
G27
b\
C
`
7
\
;:4
E
`
ÖR7;I7
3
Ö^Ö@`Ê7Ö64
E
Ö
E
7
®
\
9
G
×JÌ03
ÖfG
\bF3`
9g®
7Ö
E
b
Ö
9g®
7
\rW
Ö~Ö54.Ö
b/^:UÜb
Ö5G2;
9
`
7
\
;:4
;<CJ7
®
\
4JÖ
E
>
b
;
F
7
3
Ö
[
ÛØ
;
>
7
3
Ö

®
`
G2G
\
®
4

7
\
GZG
3
;
O
4
\
4
[]\_^a`cb
Ö
§
×po
£
>
;
b
7
O
;
E
\
>
S
ÊÑ ÊÑYÏﬀŁÙá·Ï
ß
Î,ÏâÆÏ·ÕsÏ»ÐÙRÁÐDÏﬂã PÓkÎÔÒ1 PÕ £a£
0
5000
10000
15000
20000
340 350 360
0
5000
10000
15000
20000
680 700 720
0
5000
10000
15000
20000
1275 1300 1325
0
5000
10000
15000
20000
340 350 3600
5000
10000
15000
20000
680 700 7200
5000
10000
15000
20000
1275 1300 1325
Energie Korrekturalg 21é
Co
un
ts
/0
.1
75
 k
eV
Energie Korrekturalg 21é
Co
un
ts
/0
.3
5 
ke
V
Energie Korrekturalg 21é
Co
un
ts
/0
.6
5 
ke
V
si
ng
le
 m
od
ul
e
Energie Korrekturalg 21 Energie Korrekturalg 21
Energy [ keV ]
Energie Korrekturalg 21
3-
Cl
us
te
r
[]\_^a`cb Ö §
×po0ªJê&ë
pl8 6¨ﬀJ88 ?¡_h|ì58¡©¡b5ì66
ß
hBp 50íx8¡,«ª8¡b5~J îï?¡£V 	
ß
h|V V¡b¤6wjºPª
ß
h¾?= ¾ ¤µ 8ìV VQ«¡£¥? âp !?V¡§8p V²n«ªmÀ:a8ñðP «ªm®¥V Êì? ¦Y:í
t,Â"Ã
w
Ã<Ä:Å
8 
«ª8@5ì68¡ﬃ s<:T J 6â	PË
Ã
w
Ä
ì?+qV¡b¤<6»Jq8 ì5"	Z\ =8 ¤J 
u&v/xw
Â"È<Ãa
w<òÁ «ª"«ª
¬®­¶¯k­X°²±°jj~s.8 5»¤<Êâ¨ﬀJ88 ?¡ïì6\¡¡£6ì6 lì5\ QÀ<s?ì?ª<6¥6Ió©qJ¿Ç¿ 5ô@¸8ðDªV¡ba
J 8 ¦m¥V¡r¦µÀ?¡£8<5\õ6âV¡£YJÀ	q< 5¸ﬃðDªV ¼8 µ8 q5¤JsV 	6öó/{÷ﬂkx=°²±?jj<ôIs.8 
Iq5Áó©\@ª6Á¿ 5ôwﬀ±ﬃRì5\ ¢À<yq5V ¼ _«ªYT<6ì6«¡£íx8¡Dø
Ã:Ã
õ6ùú«ª¼¬®­¶¯k­X°²±0ûJû
Bp @ü|@ª?8<Rª?0QTª?V¡©:V¡»<a8õ[8 _ V¡£¤<?¡Éq8p («ª?8 Rfý,8qT\ QJ«¡À8	 J Êþ
schnuddl
D
E F
W
H
M
/E
 [
ß
 
%
 ]
Energy [ keV ]
single module at   J det =90
o
4 p  (single modules)
3-Cluster at  J det =90
o
4 p  (3-Clusters)
Intrinsic Resolution

Design Goal
0
0.2
0.4
0.6
0.8
0 1000 2000

	
Ö
×oêë
=8	5 V¡b¤:¦&5qJp	 J IVík« ¤J _¬®­¶¯k­X°²±0ûû_dÊ.8 6=\ ¢¬®­X¯(­ü
°²±0ûûQ´?ü$Bq?¡£(íx8¡
t,Â"Ã
þ
Ã<Ä:Å
þ\ºDª=¡£5?ì@J fV¡b.ì@0V¡b"?qT8d6fIÀ:s«¡§	¥VBBp ¤Ç 
À<5\ J¡b5ì@J ÊþjºDªlﬁﬀÊ:5ì66¡£V  ¥â¡b5qJp	 J Ríx8¡ﬀ8 RﬁﬀÊ:V¡pd? 	q\J2@«8RðD «ªR«ª
866ì68¡£"8 ?ì65â
u&vﬃﬂxw
Â <Ã!
ó
}#"
Â <Ã!
ô(8 fíx8¡ÉQq6«8[ðP «ª~%$&¼V¡¡§6¦QV¡¡§8 ¤<VsV 	
:í²«ªd865ì@8¡£s ZTªaðs Êþ('?\¡²ì5J=?V¡ 2 "«ªl 	«¡ «ìl¡b5qJp	 J l\ l«ª85«¤J [¤:8\
íx8¡É«ª=? V¡b¤:¦â¡b5qJp	 J ^	í§V¡·¨ﬀJ88 V¡Ôì58¡¡£5ì@J RV¡£~ ì?p86_ =«ªR8 :@þ
)¯a¯ *,+
Í.-
Î,Ï·Ð0/ÊÑ21"ÏdÎ,Ï * Î43PÐ65ÊÒ87:9,Ó
Í
ÎÔÒ;30Õ.5
>
Ö  Ö5487
E
Ö@7Ö6H67;  GÖ67  K.G
>
; 4< G 	 4 
9
Ö
Ø_ÞçDÞä4=
åÉå!F ;
E 
9
Ö < 4
E
7
3
Ö <
9
	> 4.Ö
E
A
S

9
 G27Ö 
×
Þ
4½;<4.ÖÇGÖ67  K 	 7 	 G < GG .F Ö
E
7
3
< 7l7
3
Ö
E
Ö67Ö5H67;  G <? ÖI;<4
9
U K
9
< H5Ö
E < 7Rujv@ﬂ§wBA

¯
!
< 4
E
7
3
< 7·7
3
ÖDCÖ <:F K <? 7 	 H
9
Ö5G < Ö
3
<? E
9
U GH < 77Ö  Ö
E 	 4f7
3
Ö  Ö < H@7 	 ;<4
N
G2;l7
3
< 7»u&v@ﬂ§wCA"}#"A

¯
!
3
;
9
E
G
×ED03
	 G 	 G=7
3
Ö F ;<Gq7~K  ;<C
9
Ö F < 7 	 HfGÖ@7  K
>
; HG ;<K.K
9
Ö  H5;  Ö6H67 	 ;<4
×,Þ
4µ7
3
ÖI;V7
3
Ö 
GÖ@7  K <
>

9r9

& <@<aUI< 4
E < 4 	 G;V7  ;:K 	 H 	ﬃﬃ<
E 	J< 7 	 ;:4 	 G < GG .F Ö
E
×KD03
Ö
E
Ö6G 	 4  ; <
9
;
>
<L Ö
9
< 7 	XW ÖlÖ54.Ö ﬃ:UM Ö6G;
9
 7 	 ;<4m;
>
¯
×
)
g t
	 G < H
3
	 Ö W Ö
E
C U
A
G2Ö67  K.G
×ND03
Ö~;<4
9
U GÖ67  K
7
3
< 7
E
;ÊÖ5G"4.;V7  Ö < H
3
7
3
	 G  ; <
9Ô>
;  <
9r9
ßS¾Ö64.Ö 	 Ö6G 	 G < 4 <ﬃﬃ<	U ;
>
<
9
	 4.Ö
E
A
S

9
 G27Ö  G
< 70ujv@ﬂ§wCA

¯
! NJOP3
Ö  Ö7
3
Ö  Ö
9
< 7 	rW ÖsÖ54.Ö ﬃ:UF Ö6G;
9
 7 	 ;<4IÖ@`H6Ö5Ö
E
GD7
3
Ö
9
	rFO	 7
>
;  ßS¾Ö64.Ö 	 Ö6G
C&Ö67
O
Ö5Ö54
o
¯a¯

Ö@ < 4
EQP ¯a¯

Ö6 C UR Ky7;
o
¯TS
×
=
H5; F K <?ﬃ	 G2;<4R;
>
7
3
Ö0K  Ö
E 	 H67Ö
E
Ö54.Ö ﬃ:U  Ö5G2;
9
 7 	 ;:4YL 
	 Ö4
×o
P
M,O
	 7
3
7
3
Ö0G 	rFU
9
< 7Ö
E
W?<
9
 Ö5G
>
;  7
3
ÖnGÖ@7  K
O
	 7
3
u&v@ﬂ§wBA

¯
!
 Ö W Ö <
9
Gf7
3
< 7â7
3
Ö_K  Ö
E 	 H@7 	 ;<4  4
E
Ö  Ö5G27 	bFO< 7Ö6G
7
3
Ö < H@7 V<
9
Ö54.Ö ﬃ:U2 Ö6G;
9
 7 	 ;<4
NJOP3
	 H
3
H < 4mC&Ö < H
3
	 Ö W Ö
E
×(D03
	 GDCÖ
3
<aW 	 ; X	 GDK  ;<C < C
9
U
H
<?
GÖ
E
C
U
7
3
ÖQH
<
9
H

9
<
7
	
;<4y;
>
7
3
Ö
<?
H@S
9
Ö64

7
3
E
Ö
W 	><
7
	
;<4
N
CÖ6H
<
GÖ~Ö
W
Ö5487G
NïOP3
	
H
3
<
Ö
<
G2G
	>
4.Ö
E
7;Ç7
3
ÖQH5Ö6487

ÖR;
>
7
3
Ö
F
;
E

9
Ö
E
;âC
U
E
Ö

4
	
7
	
;:4m4.;:7
3
<aW
Ö
<
4
<
4

9
<
E
Ö
W 	
S
<
7
	
;<4
<
4
E
N
C&Ö5H
<?
GÖ
<.YZ<
GG
	><
4QH
2W
Ö
E
;ÊÖ5G,4.;:7
E
Ö5GH
ﬃ	
CÖ»7
3
Ö»7
<	
9
GÉ;
>
7
3
Ö
]Z[]\8^`_;acb
æ
[]\8^d_
E
	
G27
	
C

7
	
;:4
W
Ö
qU
O
Ö
9r9
NaOP3
	
H
3Q3
<
GÔ7
3
Ö»G
<VF
Ö»G
3
<?
K~K&Ö
<

<
4
E
7
3
Ö(G
<:F
Ö»Ö@`Ê7Ö54
E
Ö
E
7
<	
9
G
<
G07
3
Ö
]fe,agb
æ
E
	
G27
	
C

7
	
;:4¼LH5;
F
K
<?
Ö
O
	
7
3

	>h
Ö.
×
)gi
Mp×
D03
Ö
	
4
E
Ö5K&Ö54
E
Ö5487
@<
E
	>
G
<
4
E
<
4

9
Ö
<
9

;
	
7
3
F
G
NOP3
	
H
3R3
<aW
ÖPC&Ö5Ö64fK

Ö5G2Ö5487Ö
E
N
K&Ö
FL	
7
<
G
kj
H
	
Ö64\7
<
4

9
<l<
4
E
@<
E
	J<
9

Ö6G;
9

7
	
;<4
×WD03
Ö
Um<
Ö

Ö5K7
<
GkG
	rF
K
9
Ö
<
GkK;:GG
	
C
9
Ö
N
G2;
7
3
<
7$7
3
Ö
U
4.Ö6Ö
E
9
	
77
9
ÖﬀK

;H6Ö5GG
	
4

7
	bF
Ö
<
4
E
H
<
4~C&Ö
	bF
K
9
Ö
F
Ö5487Ö
E
;<4QÖ
	
7
3
Ö

7
3
Ö
,noY
=
;

7
3
Ö
Gfphn
;
>
7
3
ÖOq
ÞC=
S
F
;
E

9
Ö
×r=
4
	rF
K
9
Ö
F
Ö5487
<
7
	
;:4¼;:4 7
3
Ö
Gfphns	
G
	
4¢K

;

Ö5G2G
4.;
O
	
4Y;

E
Ö

7;
3
<	W
Öl7
3
Ö
<
9

;
	
7
3
F
G
<aW?<	
9
<
C
9
Ö
>
;

;<4
9
	
4.Ö@S|K

;ÊH5Ö6GG
	
4

×Þ
4
<
>

7
3
Ö

G27Ö5K
	
7
	
G

Ö6H5;
FfF
Ö64
E
Ö
E
7;
	bF
K
9
Ö
F
Ö64\7d7
3
Ö
F
;<47
3
Ö

ntY
=QN
G;y7
3
<
7"7
3
Ö
W?<
9
<
C
9
Ö
K

;H6Ö5GG
	
4

7
	rF
Öd;
>
7
3
Ö
Gfphn
H
<
4_C&Ö

G2Ö
E
>
;

;:7
3
Ö

7
<
G

G
×
u v wyx z|{~} 

v {    F|    

{0ŁQz
  x {}:o {z
×.
ÖKﬃ.Ö
<?	

<h>	<

	




ØYÞçsÞä4=
åÔå|X	> 
ÖH@JÖ
ã¢¡
q¢£
Þ
p
×
å¤G
¡

¦¥2Ö


<
¢§
¡·ãDçU¨ª©
<

«
×©
Ö

Ö @.Ö
ﬃ<¬	

<

	­
Ö
	

?@

Ö



¬h
Ö
¬®<

¬M<?¯
Ö

Ö
@<
Ö
¬°	

@JÖ
Þ
p
×
å¤G
¡

<?¯	>	
C±
X	>¢
Ö
<#¯

hJ<
Ö
¬²<

¬²



<¯
Ö

Ö
@<
Ö
¬
ﬃ
<

Ö

Ö
ﬃ
±:

@´³
×
³
Ø
Ö#µ
a]¶
@
¸·#

	
U¹V£
@<
±

º·¯







±»
>

X	


§4


|·;¼k#	

<

	


<

¬

ﬃ<


·¯Xﬃ·¯<

	


	

	

­·¯

·Z½¾	

·

<

	>



>	>
¾¿
<ﬃ·
X
<

·#ﬃ	J<?
A×kD

·Z<	

	

@
·
	

­·


	>T<

	


tﬃ
·

>>·#

	­·À<

¬

	

>·
£
V<

	¯>·


ﬃ

·
?



£

±
	

m>·;­·¯



¯·¯	ÁX	
@
·;¼

·

·HÂÄÃÅ
£
ﬃ<

	

A×
=Ä


Æ¸·¯<

	


·

	

	>·

<·Ç·;¼k¸·#

·¯¬


ﬃ
·
O


·;¼

	>

¯·¯	f¯


·
@|@
·
¬	>	

·H<

¬
@
··<

	




¬


L
­·X	
ﬃ
	>

­·¯

#	

	·
ÀÈÉ»Ê
¯kËp¯
PÌ;Í
	

4<

¬·#¯	>¬h·¯¬
ﬃ
º·¯



<

·ﬁ¼k¸·#ﬃ	

·


<
Z@
·mÎ®nKÏ
£BÐÑ
<

¬·

<#	>>	
C±
	
Ò©
·#	>¬·#>º·¯
@
	

­·


	><

·
@
·¢

h>·


ﬃ·¯><

·#¬
ﬃ%¹V£

¸·#







±


¬·¯
@
·

·.


¬	

	


<

¬


ﬃ
	>·




	




@
·

×VD
ﬃ<


·#¢·<

	


Í

	

	>><
ﬃLﬃ
·


·



	

X	>Áº·
º·¯



·¯¬f<
EÓ
¡
q¢£
Ï8phÔfÕ¤G
¡
Í
t·¯·

·¯·¯

·¯¬


ﬃ
·Ö·;¼k¸·#ﬃ	

·


Í

	

¯·Ö<?




·K#



·#

	





·¯





@<
h

·¯
ﬃ·<?

	



<¬L<>·<¬
±
º·¯·

¯<>#J<

·¯¬U
±
Õ¤·

½?·Ä<

¬
pk

	>·#¬·¯
¨
Õr·

i
<
«
×
Ï

ﬃ
·À·;¼k¸·#ﬃ	

·


<R×CØ;p¸·¯<

X	
ﬃ
<

·

·¯
±Çl³
×
³
Î2·
µ
aÙ¶
4<



·¯¬R<


Ú¥
·¯

	>·
Í


	>·¢¬h·¯

·¯ﬃ	

·

	>

·#¬R


±¾@
·

·.<

¬FÛﬁÜ4·Ý4·#ﬃ·.

·¯¬°<


<?ﬃ·
¤
<

·¯	J<
A×
Î®<	


±Ý@
·

·#




£
h	>Þ½¾
@
×BßﬁpÄl<

	

­·


	><

·#¬H<

¬Z

V<ﬃ·#¬
X	
ﬃ°@
·#Xﬃ·<?

	




<

·¯

×
D

·

<	

<?	
0Áﬃ
·Ä·ﬁ¼k¸·#ﬃ	

·


l<

@
¬h·

·#

	

·
@
·Ä	

£
º·<

·

·¯
±
ﬃ·


>

	


<
c
·¯G

h>·#H

ﬃﬃ·#

	




@
·2ÎMÏBÂÝÏBÜ
=
Õ¤Õ
O
¬·
A×
Ï

V<

	>#J<?
ﬃ
·R·

·#ﬃ
±
ﬃ·




	





@<


·#Äﬃ·¯<

	

h
Í


·¯·
ﬃ
·Zà	>
T
¬	>·¯

	


 @
·
¹(£
·

	

	




£
)
¯
)
)¯ ³ *,+¢á
-.â ãÖä0å¾æÒâ
+
ã:äÝã,ç è`é
5N3Xê¤1
ãsâ ã
5
â»ã,ç -ÖãÖäÝé
7
ãÖëâ
¯·¯

l<
4
¿ ·<

ﬃ·#¬ Í t·¯· 	

­·

 	>T<  ·¯¬
×kD
 ·

·¯ 

¬2<	  4<

@ ·;¼h<  	

· Í
 
@ ·  ·#ìﬃ·¯<  	 

¹(£ @< ±

    £ 	

 ·

	 C± ·;¼k¸·#ﬃ	  ·



  >¬mº·

·¯V<ﬃ<  ·#¬   @ ·
	

 ·

·Ý<Þ½¾  

¬
×
   ﬃ 	

hﬃ 

· ﬃ · Ó
¡
qÝ£ Ï8pÔ Õ¤G
¡
n <@<?>>·#nKJ<  ·
=
­<?J<

  ·
§4 

 ·¯
¨
§ 

«
È
non
=
§
Ì 4<

	

¯¬·#¬í	

ﬃ ·®·ﬁ¼hº·¯	  ·

 <?

·  :º·¯  	  	

Ç<
  	

#	>¬·

¯·  ·<

ﬃ·  ·


×
V ﬃ ·¯ O · 	  4<

<	  ·¯¬ ﬃ

 h¬ ±R@ ·

	

· £ V<  	>#>·
  ¸·#  	>·

 ×Bßﬁp
Í <

¬ ﬃ ·  	>  @<

 ·¯o¯ 
ﬃÖ
·#  	 

·¯¬	  ·#¬  

	

>·

·#   

 ﬃ<

 ·¯Ý< ÝÓ
¡
qÝ£ Ï8pÔ Õ¤G
¡
º·<  ·

·#ﬃ	·
%¨
Õ¤·
V
i
 «Á <¬ @ ¸·f  ­·
×
îRï?ð ñóòfôõÝöt÷¯øFù ú ÷gùÇò%û ôHöo÷¯õÄü ôLùÇý þ ÷#ß»ò tò%ùmöt÷¯ô

 4øLüKü®òfõXöt÷¯ømùü
=Ä
ﬃ ·R  

·#   

	

¬	

®·

·#ﬃ ± 	

¬h·¯

ﬃ ·

·#   

 @<

 ·# @ <

<?>ﬃ·¯<¬ ±

·#




	>


#>·#

<

¬Q<
Ý
·#




ﬃ
·


·#­·

<?ﬃ·


<­<?	>J<?>· <


<ﬃ·
Ý
<
£

·#ﬃ	><
Í
@
·H­·#
±2
·#


<>·

h¯>·#	 

	

<­·<Ft·<?½W
±




¬

·¯





h>¬º·


·¯¬


@
·

<?ﬃ·
¿


·¯





@<


·¯X·;¼kº·¯	

·



×
D


	>
T

<ﬃ·
Ö
<

·#ﬃ	J<?

t·¯·Ý<g­?<	J<h>·
Í


	

º·¯

	
ﬃ
·#¬

·¯




£ 
@<


·¯K·<
£

	


<
fÓ
¡
qÝ£
Ï8pÔ Õ¤G
¡
·

·¯	>·

Í
¬h·¯

·¯ﬃ	

<

¬Ç¸·#
±
>	>

×



ﬃ
·

·


R
<?ﬃ·


<

·#ﬃ	J<?



ﬃ
	>·Àﬃ·<?

	




<

·#

Í
ﬃ
·O·<

	


½¾	

·

<

	

<

¬
@
·O·¯¬	

·¯¬
¬	N·#ﬃ·


	J<#

4
·¯

	

h

<¬
ﬃ
º·


h¬	>·#¬
Í

f@
<
Öﬃ
·¢·ﬁ¼k¸·#ﬃ	

·


<

·

O

¬
º·%<?¬V<

·¯¬
@@
·f·
	¾	>·

·



E@
·Z·ﬁ¼k¸·#ﬃ	

·


×
D

·Ö¬·#

·#




h
	




<¿
?@

<

¬Z<

·#








¬ X	
@
<

·

·¯
± h³
×
³
ÎM·
µ
×
Ü4·

	>¬h·

@
·

·¯




	Þ½Wh
©UÈ
×CØ;p
Í
×Bßﬁp
Ì

Í
ﬃ
·th
ﬃ

h	>Þ½¾H

<

·#
©HÈ
×CØﬁp
Í
×Bß
§

Ì

·;¼k	



Í


	>
L
<

ﬃ
·

<

·¿ﬃ·¯<

	


½¾	

·

<

	
A×
(h
@
·¯
L
·
@
·#Kﬃ·¯<

	




<

£

·#

<?ﬃ·m

ﬃ
	>·
Í


<


<ﬃ¬
±
¸·



·#­·#¬
×,D

·



	


·#­?<

ﬃ<

	


·<

	



©HÈ
×CØ
p
Í ×Bß
§


Ì
±
	·¯>¬

@
·

<

·

¯·¯

<

@
· 
@


@<


·#l

<

·¯
×hD

·

	

>·

¯·

|

ﬃ		

Qﬃ·¯<

	

h

©UÈ
×CØﬁp
Í
×;p
Ì
×
©
<

¬
©UÈ
×CØ;p
Í
×ﬁn
Ì
×
©
·°<·m·

·#ﬃ·

	<
±

hﬃ·
ﬃ
·¯¬´<

¬
@
·
©UÈ
×CØﬁp
Í
×;n
Ì

©
·U·<

	


	



	>½·#
±
Í
<





#>·



<­·
ﬃ
º·

@<
h

·¯ﬃ·#¬
×
²	
ﬃ
<

·¯



 
·¯V<?@<

	


·

·¯
±
)
×
P
ÎM·
µ
<

¬Ç<R
ﬃ

·#V<ﬃ<

	


·

·#ﬃ
±

)
×Ù
ÎM·
µ Û
Ü4·

>¬:<


¸·Q


	>¬·#ﬃ·¯¬
ﬃ
¸·Ç<Òº·¯

·¯


·¯





<ﬃ·

×
Ï





@<

¿@
¬·#

·#ﬃ	

Í


·¯·
@
· h
ﬃ

<

¬

·#




	>Þ½¾°

<

·¯

<
h

º·
¬	


	

	


·#¬°

>·
ﬃ
@
·f
@

	

¬·

·¯

·¯¬


ﬃ
·f>·;­·¯



·

·
?


·
?
@
·




ﬃ<


·¯X

¬


	

<?>ﬃ·¯<¬
±
½




Í
ﬃ
·f
?@

	Þ½WhM	
¿





±

·
ﬃ
·¯¬


å¾ææféBë¢ã
7 á
âEé
* 5 á
ë
1 *
ä
3Ý5h5M5
ã
*
âEé
3
ë
5
)ﬁﬀ
@ ·Zº·¯ ± >>	   <ﬃ· 
×ﬃﬂ
· Ý@ ·#ﬃ·f·;¼k	



·#­·¯@<?E·<  	 

  <

·#

Í   ·¯ﬃ· O ﬃ· @ <



·

h¯>· 

	

 @<

 ·#ﬃﬃ·#¬   Û Ü4· ﬃU@ ·Ä ¦¥ ·#  	>>·

¯·¯
ZÈ
·¯·

·¯  	 
a× 
<

¬

	ﬃ·
z×
)

Ì
×
D
 ·2ﬃ·¯<  	 

½¾	

·  <  	>

  ?@| <· 

#>·¯	X<?ﬃ·

 

	


	>ﬃ·
z×
)
  @ ·
  ><  	 

 @ ·
ﬀ
Ã ³"!
e
£ ·#­·¯¤< 



½?· µ <

¬ @ ·
)
Ã ³
!
£ >·#­·¯r< ¢³
×#
 Î2· µ
×
Ï 

 

@ <  	

ﬃ ·$
©HÈ
×CØ;p Í ×Bßﬁp Ì  ﬃ·<?  	 

ﬃ ·®×Bßﬁp £

¯·¯

	

¬·#à·¯  ·¯¬² ± ·

@ <

³
× ?!
¬h·¯·¯·

<

¬  @<­·#

<  <    º·<  ­·#  ¯	 C± ﬃ·#T<¬>·
ﬃ
E@ ·f¬·;àV·¯  	 

<

>·
×
Ï

 

 @<


Í
ﬃ ·.½¾	

·  <  	

?Eﬃ ·.·<  	 

X	 ﬃm@ ·.º·¯ ± >>	  <?ﬃ· 

 
<

	

	&%<

  ± ><ﬃ·#¬·#à·¯  	 

  @
)

!
<

¬í<  

	>¬·#@<·R·

·#ﬃ ±  
ﬃ
< 
J<?ﬃ·Z
×

×º
¯< ﬃ ·¯	

R<

>·
A×º©
·

¯· 

·H¯<

·;¼kº·¯  @ <  	>·#­·<

hjL¯	>·

 G   £
>·#.  ﬃﬃ·#  	 

  ·



	

°<R¬·¯  ·¯	>   <·  ·#­·

X	 @   ¬·  ·¯  	

 

· Ö@ ·

¯< ﬃ ·¯·¯¬ ﬃ·<?  	 

  ¬ 

Í   	>·<  >·¯<

 <RV<?  	><
½¾	

·  <  	Uﬃ·# 
h
   	 

	


·#¯·

<
±°@
<¯><

·
ﬃ
·ZG

·¯


	
c


·

<ÀÜ4·#
±
>	>

<?ﬃ·

	



·#¬
×
Ï


ﬃ¬·#
ﬃ
¬·

·¯

	

·X¬	&¸·¯·


	><V¯

ﬃt
·#

	

('ﬃ)+*
)+,.-0/21


·



	


	

ﬃ%
@<#·


·
¿ﬃ
·F·<

	




¬h

RÈ
@
·
ﬃ
·¯



	


	

	

·
£


<¸·O<

<?
±

	

¿ﬃ
·

¸·#

@<
E¹V£
@<
±
¬h·

·#
ﬃ


	


8l<¬®<

¬M<Þ½Tl<¬®¬	ﬃ·#

	


Ì
×



@
·f¬·#

·#ﬃ	
 
<?ﬃ·

@
·


<?>·

·¯
±
<

¬

¯<
ﬃ
·¯	

%<

·l­?<ﬃ	><

	


?N@
·

·<­
±
ﬃ·<?

	




¬

¬



<>

6<F¬·

·¯

	

<

	



¬	&¸·¯·


	><¤¯

ﬃ 
·¯

	

h
Í
	





@<


	

	



ﬃ
	>·
@R


<	

¬	&¸·¯·


	><E¯

ﬃf
·#

	



±Q
·<

	

R
@Qﬃ
·

¯<
ﬃ
·¯	

°<

>·<

¬
@
·Ä·

·¯ﬃ
±Frﬃ
·

·<­
±
ﬃ·¯<

	




¬



·

@
·¢¸·#
±
>	>

<ﬃ·

	



·¯¬
×
V
£
@
·¯
L
·.	

	



ﬃ
	>·
@
¬h·¯¬#·f¬	&¸·¯·


	><N#

¿
·¯

	



±
¬·

·#

	


@
· 	>
T
ﬃ·¯<

	




¬h

×¾©
·¯·
ﬃ
·X¬·

·¯

	

<

	


¸ﬃ
·

<
ﬃ
·#ﬃ	

H<

>·4365879¢	
Ö
hjL#	>·


Í
<


4
ﬃm
<·
l
<

·¯	J<

<

¬R
ﬃ
·;¼k¯	

·¯¬


<

·

<



<

	>



3
/21
<

º·
¬·#¬¯·#¬
Í

Ö@
·¿·

·#ﬃ
±À(ﬃ
·XV<

	>#>·

·

	
ﬃ
·¯¬À	

<Þ½Tl<¬F¬	ﬃ·#

	


	
K



<>
@
<
.@
·
±
¯<


<ﬃ¬h
±
¸·¬·

·#

·#¬
×
V




·#­?<

	



·

·#ﬃ
±
<

¬
L
·






·f¬·#ﬃ	 ­·

@
<
¿
 :<;>=
9
ﬂ
7
1
a
È@?BA
?CAEDGF
)
Ì
ÈHa×
)
Ì
@
·¿>	>
¾
V<

	>#>·t<

º·¿·

	

·¯¬H	

V<Þ½T4<ﬃ¬L¬	ﬃ·¯

	


Í


·¯·
=
9
ﬂ
7
1
	

ﬃ
·¿·

·#ﬃ
±
¸@
·Xº·<

V<?

	¯·

<

¬
?CAJI
?CAKD
	

ﬃ
·X@<

	
fNﬃ
·X
Ú¥
·¯

	>·

<

·

º·

·¢<

¬
<
c
·¯

@<


·¯
×



ﬃ
·L
©HÈ
×CØ;p
Í
×Bßﬁp
Ì

£
·<

	


Í
ﬃ
	




¬h	

	


	


%V>·¯¬

4·ﬁ¼h#	

·¯¬


<

·


@
<

·

·¯ﬃ
±¸
×
³
ﬀ
ÎM·
µ
Í
<

@
·¿·<

	



<

<NM
£
­?<·
Á³
×
i
ÎM·
µ 

@
·4

><

	


@
·t



¬


<

·
×



@
·
Û
Ü4·
È
×CØ;p
Í
×Bßﬁp
Ì
Ø
Ü4·4·<

	


@
·t


¬	

	


	


h&%V>·¯¬




<

·


@f
×
P

ÎM·
µ
Í
<

<OM
£
­<?>·
Á³
×

ÎM·
µì

ﬃ
·X

hJ<

	


)
 *,+¢á
-.â ãÖä0å¾æÒâ
+
ã:äÝã,ç è`é
5N3Xê¤1
ãsâ ã
5
â»ã,ç -ÖãÖäÝé
7
ãÖëâ
0
P
5Q
10
15
0P 50Q 100 150
0
P
50Q
100
150
0P 50Q 100 150
40
60
R
80
S
0
P
50Q 100 150
J
la
b 
[ d
eg
. ]
37ST
a
b
c
d
proton/8Be
a
b
c
d
E l
ab
 
[ M
eV
 ]
J cm [ deg. ]
a
b
c
d
a
b
c
d
180o-J cm [ deg. ]
0P
20
40
0
P
50Q 100 150
UWV&X0Y[Zﬃ·
a×\0]6^`_#acbedgfchi_ j
kmlﬁnoh+pcb
qmr ×CØtsvu ×Bß+sxw+y
fzac{
Ûc|
b
r ×CØ+s@uÙ×Bß+sxw
Ø
|
bO}~bfcjhi_la
y
l
y""
fchi_#ac
h+pcb
×Bß+sr"ﬁ0w
!

bcb

fhNŁﬁ"ŁB+bf"ac{$h+pcb
rEcﬁ"w
!

bcb

fch

Łﬁb
#
fzac

b
kfe}~b
dbfck

}~b
{_ h+p}b
k
y
bjhhlh+pcb ﬁbf"d¡f
¢z_k
u
G_ h+p
3¤£t¥
{"bJaclﬁhi_ ach+pcb¦k§jfhhbe}¨_ acf"ac

bOlﬁn
×Bß
s
_ ah+pcbj

d

k©ckhbed
u
f"ac{
3«ª ¬
­
k§h§f"ac{_ acn2l"}®h+pcb

f" 0l"}fchl"}~©f"ac

bklenh+pcb}b
fJjhi_la
y
}lﬃ{

jhk

f
wqr ×CØts@uÙ×Bß+svr¯"ﬁ
!
Łﬁ0Ł+b
wEwty
 
wqr`×CØtsvu ×Bß+svrKce
!
[
Łe°b
wKw+y
j
w
Û|
b
r ×CØtsvu ×Bß+svr¯"ﬁ
!
Łﬁ"Ł±+b
wKw
Ø
|
b
{
w
Ûc|
b
r`×CØtsvu ×Bß+svrKce
!
[
Łe°b
wKw
Ø
|
b
å¾ææféBë¢ã®²
á
âEé³µ´
á
ëg¶·³,äL¸´´°´hã³ÝâEé¸¿ëL´ \


0P
10
20
30
¹
0
P
50Q 100 150
0P
10
20
30
¹
0
P
50Q 100 150
0
P
20º
40»
60
R
80S
0
P
50Q 100 150
WQ cm omega 0¼
ds
/d½
W
 
[ m
b/
sr
 ]
|mJ¾ |=1/2
|mJ¾ |=3/2
37S(3/2-,646 keV)
WQ lab omega 0¼
WQ cm theta 0
ds
/d½
J
 
[ m
b/
ra
d 
]
J cm [ deg. ]
WQ lab theta 0
J p-lab [ deg. ]
0
P
20º
40»
60
R
80S
0
P
50Q 100 150
UWV&X0Y[Zﬃ·
¿
³
]ÁÀ«f

j
"
fhb
{{_ Â@be}~beahi_f

je}lﬁkEkÃkEbjhi_lackn2l"}h+pcbÄhleh§f
my
l
y""
fchi_ laBf"ac{h+pcb
y
l
y""
fhi_lalﬁn¤h+pcbLdÅk

 ckh§fhb
kµlﬁn¤h+pcb
"ﬁﬃ!Æ
bcb

fhÇŁﬁ"Ł+bÈ_#ah+pcb

fz Åf"ac{jedGÅk©ck§hbJd
n2l"}6h+pcb
qmr ×CØtsvu ×Bß+sxw+y
Åi}b
fJjhi_la(ÉÊJbeaJË0Ì Í
0
h+pcl

pgh+pcbG{_ Â@be}~beahi_f

je}~l0kEk`k§b
jhi_lack`lﬁn¤h+pcb
dGÅk

 ck§h§fhb
k`fe}~bÁÎ

_ hb4{_ ÂvbJ}bJah
u
h+pcbÁhlﬁh§f
"r
f"ac

b_ ahb
}Ïfhb
{
w
jJ}l0k§kÐk§b
jhi_ lackÐhl
y
l
y""
fhb
h+pcb¦dÅk

 ckh§fhb
kfe}bf

dl0khÁb
Î

f
Ñ
\
 ³ÐÒ
ágÓ
â ãÖä0å¾æÒâÇÒÄã:äÝã,ç è`é§´v¸
ê
¶ ãsâ ãm´râ»ã,ç
Ó
ãÖäÝé§²®ãÖëâ
o@ ·X0Z  Y

¬

 <  ·ÔV

 

·
Z8­·#¬
¿ÇÕ¢
<

¸·

·#·

Í
ﬃ ·

Yh¯>· 

 Z@<
h
 ·
Zf·

<·

<
V<Þ½T4<ﬁZﬃ¬M·  V

V 

? ﬃ ·f~V~X ¾ V<ﬁZ  V>#>·.·;­·

 Z

 <

·XT<  V ­·OM £ ­?<&Y·
¿
Ô

·f<ﬁV  ¤ﬃ · ·;¼kº·
ZKV  ·

 l<

ﬃ ·  ·¯<

YZﬃ·  ·

X¤ﬃ · ¬[V&¸·
Z·

 V><NZ 
X
·¯  V 

Áﬃ ·g
©UÈ
×CØÖ Í ×BßtÖ Ì  £ Z·<  V 

 Zt  <ﬁZKV



GV ﬃO@ ·  Z·  V<º[Z·¯¬[V  V 
ÄÈd
·¯·LUÇV~X £
Y[Z·
ﬃ¿
³
Ì
¿xÕÄ
V  4<

V   
ﬃ
V>· @ ¬·  ·
Z  V

· @ ·

·Z
Z 
ﬃÝ
·#  V 

 ± ¬·  ·¯  V

X @ ·
 ·¯<g­ ± Zﬃ·<?  V 

[Z  ¬Y 
Í <ﬁYW¼V~V><ﬁZ ± V<eZ  V¯·O¬·  ·# @ Z

V

 ?@ Z8l<eZﬃ¬|<

¬V<Þ½ £
4<ﬁZﬃ¬í¬[V~Z·¯  V 

 <¬ @ ¸·®<¬¬·#¬×V

ﬃ ·M·ﬁ¼k¸·ZKV  ·

 <

·  Y ﬃ ¬·  ·# Fﬃ ·®&V~X T
Zﬃ·¯<  V 

[Z  ¬[Y  <

¬ ﬃ   ·  ·

Hﬃ ·±X·Z  <

V~Y  ¬h·  ·# ﬃ Z

<

¬ @ ·±Ø®Ø
Õ
§
¿
Ù  ·  ­·
Zﬃ<>N·;¼k¸·ZKV  ·

 <

·  Y°GV>Áº· ¬[V


Y

·¯¬ÄV

@ ·    GV

X

·#  V 
o¿
îRï
Ú ®ò.ömÛÝÜ øÞ ö®ßÇò ñáàãâåä@æmCçéè:þ à ê:òfü
ö àìë$Ü»òN ¿÷tä
û ò%ùFö
íGîïGîið ñ×òÁóWô¤õöEö°÷óø6ùûú
Ù

·

­·Z@<

·

YV
4



V

UWV&X0Y[Z·
¿
ﬀ
¿
Ùl


£ 
¬

·X

·


·#¬QÎMÏBÂÝÏBÜ
Õ
Õ¤ÕCX·
Z
£

<

V~Y
 L
¬[Y>·

t·
Z·Y

·¯¬´<

¬hJ<#·¯¬Ç<

<

<

X>·

3
)Kü
Dýûþ
0ß
GV
ﬃ
Zﬃ·

º·¯
 ﬃ
@
·Oº·<

<Ú¼V

GV
@
<

<ﬁZEX·

¬[V


<

¯·

\

¿#


Í


V

V

ﬃ
·

V

V

Y
 
<eZKX·

¬[V


<

¯·Z<
ÝÓ
¡ 
£
Ï§ÖhÔfÕ
¡4¿
Ï



Y>¬°º·


·#¬
@
<
¿
Z
@
·

©HÈ
×CØ
Ö
Í ×Bß
Ö
Ì
°Z·<

V


@
V

<

X>·

ZKZﬃ·




¬

ﬃ2ﬃ
·
O


Y


<­

Y[Z@<?>·À


¬[V

V



Z
@
·

h>·
ZÄ

Z
£
Zﬃ·#

V


Í

V

¯·	 3
)iü
D
	
þ
0ß
È
ﬃ
·f×Bß+ÖV
¿
¯<
ﬃ
·
Zﬃ·#¬®
±
>·
ﬃ
@
<

³
¿ 
ß
Ì
¿
Ù

·Ä


V

V


£

·

V

V­·
Ó
¡ 
£
Ï§ÖÔ Õ
¡
Ø®Ø
Õ
§
l<




V

V


·¯¬m<


·
Z

¬·
XﬁZﬃ·¯·

GV
ﬃ
@
·4·


Z
±Z
V>
\0\


¸·

V

¬
@
·

<ﬁZEX·

¿
 V
@
<
@
VÞ½

·
ﬃ
¸³

L
<

¬U¬VJ<

·

·
Z



L
Í
@
·

<
ﬃ
·ZKV

XÀ<

X·


Z

3
ý
0ß
@
3
ýûþ
ß
4·Zﬃ·f

­·
Zﬃ·#¬
Í

ﬃ
<

<

·<­
±
Zﬃ·¯<

V


Z

¬[Y


Ö@
·¦
©HÈ
×CØtÖ
Í
×BßtÖ
Ì
BZﬃ·<?

V


V<

·#¬
ﬃ
Z

YX
@
·¬·

·#
@
Z
Èd
·#·
UWV&X0Y[Zﬃ·
¿\
Í
3
!
5879
³
Ë

ß
Ì
¿ﬃÕ



 º·<

V


·

V

V>·

V

4<

ﬃ
Y



ﬃ
V>·
ﬃ


Y


·#­·
Z
±

V

X>·lº·<

V<ﬁZ

V>#>·¿<

¬
@f


<ﬁV

< 

V

V>¬·

¯·

V&X

<

ZKV<Þ½zX0Z

Y

¬

Y
£
[Z·
ﬃ
V

v¿ÇÕ
H
V~X

·
Z 

Y


Z@<

·

ﬃ
·F¬h·

·#
ﬃ
Z%4<

Y

·¯¬|<

<®Y[ZKZ·

UL

V
@
Z
¿
Ï


Z¬·
Z
@
<g­

V>¬´¬V<

<ﬁX·
@°@
·Ø`Ø
Õ
§
<

·¯

<

V>¯<


Y

·
ZH

Y¬º·ÃV

·Z

·¯¬ V


Z


UX@
·Ø`Ø
Õ
§
Í


·

@
·R¸·¯<

V


·
h
V

V>·

·;¼k¯·#·¯¬·#¬
ﬃ
·

<¦¼V

Y

Y[ZKZ·


@
·OØ`Ø
Õ
§ì
V>



Y>¬


<

¬
¿
Ùl

<ﬁYW¼V~V><ﬁZ
±

V>~V


V<ﬁZ

V>#>·F¬h·

·#
ﬃ
Z

t·
Zﬃ·°·


g±
·¯¬
¿ÐÕy
V~V>


ZEV

XQ¬h·

·#
ﬃ
Z
GV
ﬃ
<
ﬃ
V>Þ½

·
ﬃ
Ö³UL
l<

hJ<#·¯¬M<

<L¬V


<

#·
?
\
³L
<l<
±R
Z
 @
·

<ﬁZ
£
X·



­·ZKV

XL<Þ½Tl<ﬁZ¬®<

X>·


Z

3
ý
\
³
0ß
@
3
ý
\c
0ß
¿
Ù

· ¬·

·¯
@
Z¿4<

Y

·#¬
ﬃ
å¾æhæ°´hãÄâ
Ó
¸ âÇÒÄã:äÝã,ç è`é§´v¸
ê
¶ ã â ã®´¤â|ãKç
Ó
ãoäXé§²®ãÖëÀâ \
ﬁﬀ
target
2.2 MeV/u
5 cm
Germanium
detector
segmented
Aluminium
plate
Aluminium
mylar foil
covered
Silicon disc
detector
D E-E counter
(below beam axis)
PPAC
segmented
    S 36
beam
front view
UWV&X0Y[Zﬃ·
¿
ﬀ
]
s
jJpcbedgfchi_ j0_bt n}ldåf" 0lﬁcbCla h+pcbCbt¢
y
be}H_#dgbJah§f

kEbh
"y
lﬁn(h+pcbﬃﬂ "!ÇÅ
#
s%$
Ê'& hb
kh±b+¢
y
be}¨_ dbeah
)(
pcb$h§fe}ﬁbh±jJpJfzd 0bJ}_kktpcla fJkj

h_ aÈpJf

n
(
pcb+*,zÅ
ﬃÅj
l

ahbJ}_ k
y
l0k+_ hi_ lacb
{ ﬁb

lãh+pcbj

hhi_#ac
y"
f"acbfchûfza±fzac

bÃlenÁ.-
ß
G_ h+p$}~b
k
y
b
jhûhl
h+pcb¦ 0b
fzdf
¢z_k

\ﬁ/
³ÐÒ
ágÓ
â ãÖä0å¾æÒâÇÒÄã:äÝã,ç è`é§´v¸
ê
¶ ãsâ ãm´râ»ã,ç
Ó
ãÖäÝé§²®ãÖëâ
0 ·21@·432165~V&Xﬁ7.1Zﬃ·<831iV:9ﬁ;=<[Z>9 0 Y?31A@ ÍCB 7[VD3E7 B ·
Z·F@A3¯<81A1ﬃ·
Zﬃ· 0 VD;HGV<I3Þ½ B <eZ 0+0 V~Z·4321iVD9I;
¿
Ù7·
·;¼"<º·4321@· 0 ·;·
ZEX0V>·@98J)1K7·@ﬃ·L<V<ﬁZ>1KVD35>·4@ B ·
Z·M1K9'9H5:9 B 1K9H<¸·ZANV:161A7·Y?@·M9IJl<H@EVD5~V:349ﬁ;
1@·5>·@A349I<¸· 0 ·21@·4321K90Z
¿
ÏO;PJ9ﬁZ B <ﬁZ 0Q0 V~Zﬃ·31KVD9ﬁ;´<H@>NF<I5:5
*SRUTVRUT
390Y?;.1@·Z B V:1A7Ò<I;<I31KV:W·m<ﬁZ·<X9IJ


NLNH<8; 0
1K7VD3Þ½Y;·4@>@ﬃ·@,9IJ

[Z
N <I; 0
\
0+Z
N Í Z·4@><¸·31iV\W·5:] Í^B <8@M5D9'3<_1@· 0 <81F< 0 V:@>1Þ<8;?3¯·`9IJ
ﬀ0
NLN < B <a]J2ZA9ﬁNb1A7·1@<ﬁZKX·21l<_1¿<I;F<I;[Xﬁ5·c9IJ.3dfe
!
e
ý

0ß
J2ZA9ﬁNg1A7·Gº·<IN <¦¼V:@
¿
Ù7·
NO<ﬁVD;L<I<?<h5~VD3¯<81iV:9ﬁ;i9IJj1K7[V:@ 0 ·1@·31A90Z B <I@k1K7·l@ﬃ·5>·4321iV:9ﬁ;L98JoZﬃ·¯<I31KVD9ﬁ;3E7V<I;h;·45:@G.]ÔV 0 ·;.1iV
T
Jm]ﬃVD;[X<V<ﬁZ1iVD35>·@^3Zﬃ·¯<81@· 0 VD;1K7·Zﬃ·<831iV:9ﬁ;
¿zÕ
1 Ó
R cT
Ï§ÖÔ Õ
R
1K7[V:@n@>NF<I5:5?1@·5>·4@>349ﬁ<º· B V:5D5
Gº·Z·4<?5><I3¯· 0 G.]°<i5><ﬁZKX·f<8;?;zY?5J<ﬁZ@EVD5&VD349I; 0 VD@>361@·45·4@>349ﬁ<º· 0 ·1ﬃ·431A90Z
¿
Ü9I1A7ﬃ@EVD5~V:349ﬁ; 0 ·1@·31A90ZA@ B ·Zﬃ·o39pW·
Z· 0qB V\1K7í<I5~Y?NVD;V 
 ·
0 Nr]'5J<ﬁZiJ90V:5D@
È
<ﬁZﬃ·¯<I5 0 ·4;h@KV:1O]

¿ts
NX¾Ã83NÃ Ì 1K9[<[Zﬃ·2W·4;.1F·45>·31KZA9ﬁ;?@L<I; 0 7·¯<pWY]V:9ﬁ;?@iJ2ZA9ﬁN ·4;.1@·ZKVD;X[1A7· 0 ·1@·31A90ZA@
¿
Ù7·c@KVD5&VD39ﬁ; 0 VD@>3 0 ·1@·31A90Z B <I@<ZA9I1ﬃ·431ﬃ· 0 <ﬁXT<ﬁV:;?@>1k1K7h·cGº·<INgG.]O<I;F<I5~Y?NVD;V~Y?Nu@A7[V·45 0
9ﬁ;,1K7h·G<I3Þ½,@KV
0
·
¿
Õ
@EY?5:J2Y[ZMG¸·¯<IN
B
<I@,<[Z>9pWV
0
·
0
J2Z>9ﬁN 1K7·ÇÎ°ØÖÏ
T
Ð
1@<I;
0
·N <I33¯·5>·
Zﬃ<81K9ﬁZ
¿
Ù7h·v5~VD;h·<ﬁZ
<9ﬁ@>1@<I343#·45>·Z@<81A90Z
B
<I@Y?@ﬃ·
0
1K9wG[Yh;?3E7x1A7·vG¸·¯<IN
B
V\1K7ì<QJ2Zﬃ·
	zY·;?3]y9IJ
\
ﬀ
¿#ﬁ
Îoz


{
ﬀ

;?@K|Z<8;
0
<XG[Y?;h3E7
B
V
0
1A7P98J~}
\
;?@%<I;
0
1K9`@A5D43211A7?
0
4@EV~ZA
0
V:@A9I1A9ﬁ<j
¿oÕO
Ö
ØV
G<IN
B
V:1K7m<I;X4;?ZKXI]M9IJ
ﬀ
þ
¿tsF

{
s¿sr
rt6|
B
<I@4Y?@>
0
<I@1A7?6<[ZA9Ł>431KVD5:I
B
7VD5D
0
Yh1KZKV~YhN4;[ZEVD3E7?
0
<9ﬁ5\]'1A7?4;h
{
}
þﬁþ.


_}

¿#
NXY83NÃK|Á<I;
0

{

¿ 

NXY83NÃK|
B

ZAÃY?@A
0
<I@1Þ<ﬁZEXﬁ1NO<81KZKV><I5D@
¿
Ù7?



1Þ<ﬁZEXﬁ1A@
{

¿

/
<8;
0

¿#0
NÃX.834NE|7V<
0
<
Xﬁ9ﬁ5
0
GV<83EﬃV:;[X
{

¿&\
ﬀ
NXY834N

|1K9G9I1A7o349'9ﬁ51K7?



<I;
0
1A9N9ﬁ;[V:1A90Z)1K7hFGj¯<IN VD;
T
1K;?@KV\1O]wG.]Yh1A7?
ZJ90Z
0
@A3¯<81A1A
ZKV:;[XCY?@KV:;[X[1A7?X@KV:5~VD39ﬁ;1K5D4@>349ﬁ<
0
1A431A90Z
¿`Õ
1Þ<eZKXﬁ21
<I;?3E7h90Z
B
V\1K7X1K7[Z>4J2Z@<IN67?9ﬁ5
0

Z>@
B
<I@Y?@A
0f
9I;?



1Þ<ﬁZEXﬁ14?1K7?G
Z>]'5:5~V~YhN1Þ<eZKXﬁ21
<I;
0
<8;´<
0?0
V:1KVD9ﬁ;<I5349ﬁ5:5~VDNO<81A90Z
B
ZAiN90Y?;.1K
0
@EVDNYh5:1Þ<8;?490Yh@A5:]
¿
Ù7hiGj¯<IN V:;Y1A4;?@EV:1O]
B
<I@lW?<ﬁZEVD
0
Gj21
B
4;
s

\

Ý<I;
0


\

Ø
<V<ﬁZ1iVD35D@)<jZ~@A439ﬁ;
0
{
<?<?@K|
¿
íGîïGî§ï wûób õ`ø[õ ¡¢ù£¤%£ø%£>¥¦¨§BöEó¡vø[ôj¥¦£>¡¤
Ù7?F@>1KY?<+9IJ©1K7?
oRUT
G<I@A
0[0
<81Þ<m<83
	zY[VD@EV:1KVD9ﬁ;H@>]'@>1A4N V:@@>7?9
B
;CV:;$UWV&X0Y[Z>
¿

¿ª
1
B
<I@@>1@<ﬁZ>1A
0
G.]®<M<V<ﬁZ1iVD35D
T
@KV:;[Xﬁ5:1KZKV&X0Xﬁ
Z~J2ZA9IN«9I;?F9IJ1A7?F@EVD5~V:349ﬁ;
0
21K4321K90Z>@690ZG.]®<
¬
T
@EVD;[Xﬁ5:1KZKV&X0Xﬁ
Z~J2ZA9IN«9I;?r9IJ©1A7?XﬁZANO<I;[V&Y?N
0
1A4321K90Z>@
¿
Ù7?1iVDNVD;XL9IJU1K7?r1KZKV&X0Xﬁ
Z
B
<I@
0
1KZANVD;?
0
GY]M1K7?Z<I33445:
Zﬃ<81K90ZlU<[Y?5D@>
¿

9I1A7ﬃ1K7h=@KV:5~VD39ﬁ;ÈZKVD;X
0
21K4321K90Zm<I;
0
1A7?o@EVD5~V:349ﬁ;
*SRTORUT
0
21K4321K90Z
0
45&V:WI
ZA
0
4;?ZKXI]
<I;
0
1iVDNVD;X@EV~Xﬁ;<I5D@
¿
Ù7?4;h
ZKX8]M@EV~Xﬁ;V<85D@
B
ZA9IGh1Þ<ﬁV:;?
0
J2ZA9ﬁNg1A7?<[Z><IN<?5&V&% Z^<Y?5D@>
Y?@EVD;[X<NF<ﬁV:;m<IN<?5&V&% Z
{
°Õ
|"1A7?1iV:NÃV:;[X@KV~XI;V<I5D@
B

ZAgXﬁ4;?Z@<81A
0
VD;L349ﬁ;h@>1Þ<8;Y1J2Zﬃ<I3
T
­Y®

®
´h¯°
Ó
¸±°ÇÒ¯q²l¯³6´¶µ§´v¸~·.¶6¯u° ¯®´°w¯©³
Ó
¯^²~µ§²o¯k¸S° \

þ
 
 
R
in
g
PP
A
C
pa
rti
cl
e 
m
od
e
cu
rr
en
t m
od
e
O
R
Si
lic
on
Te
le
sc
op
e
O
R
O
R
Tr
ig
ge
r
B
ox
R
F-
Pu
ls
e
A
cc
el
er
at
or
A
N
D
G
at
e
D
el
ay
O
sc
ill
at
or
10
 k
Hz
Se
gm
en
te
d
G
er
m
an
iu
m
D
et
ec
to
r
D
el
ay
VME
data acquisition
Fl
as
h-
A
D
C
Sc
al
er
PP
A
C
Si
lic
on
A
D
C 
A
D
C 
G
er
m
an
iu
m
Si
lic
on
Stop
1+
1
1+
1
inhibit
ga
te
st
op
en
er
gy
en
er
gy
ga
te
(T
)
(E
) (E
)
(T
)
4 
an
od
es
2 
x 
25
ca
th
od
e
(T
)(T
)
2x
6 
se
g.
2x
 c
or
e
(E
)
2x
 c
or
e 
(p
uls
e)
2 
x 
(co
re
 + 
6 s
eg
.)
St
ar
t
TD
C
UWV&X0Y[Z>¹
¿

]
|

lﬃjeû{_fJ}Ïf"d lﬁnh+pcb{zfh§ffcj
Î

_ kt_ hi_la(b

bjh+}~la0_jk
\0\pº ³ÐÒc»
Ó
° ¯k²
­Y®
°ÇÒ¯q²l¯³6´¶µ§´v¸~·.¶6¯¼° ¯m´½°¯³
Ó
¯k²lµ§²o¯k¸i°
1iV:9ﬁ; 0 VD@A3ZKV:NÃV:;V<81K9ﬁZA@
{

U|J2ZA9ﬁN¾1A7? 0 V\¿ÀZA4;.1KVJ<81A 0 <[Z><IN<?5&V:Á%Zc@EV~Xﬁ;V<85D@l<[ZA9 0 Y?3 0
VD; <,1iV:NÃV:;[XÁ%5:1A
Zf<IN<?5&V:Á%ZA@
{
ÙGU
Õ
|
¿
UC9ﬁZ35J<ﬁZEV:1O]Q<I5D5NO<ﬁV:;Ç<INL<h5~V:Á?
ZA@À1iV:NÃV:;[XMÁ%5\1KZ
<IN<?5~V\Á%
Z>@4¤<I; 0 349I;?@>1@<I;.1rJ2Z@<831iV:9ﬁ; 0 VD@>3
ZKV:NÃV:;V<81A90ZA@f<ﬁZ>L;h9I1rÂ"<?5~V:3
V:1A5:] 0 Z@< B ; V:;P1K7h
0 V><ﬁX0Z@<8N
¿
Ù7?S4;?ZKXI]=@KV~XI;V<I5D@ B ZA349ﬁ;.WI
Z>1A 0 VD;
\ŁsŁT
G[V:1
Õ


@À1K7?i1KVDNVD;[XL@KV~XI;V<I5D@
B 
ZAGY?@> 0 Gj981K7L<I@1iZEV~X0XI
ZU@EV~Xﬁ;<I5D@K<8; 0 <I@©@>1A9ﬁ<S@KV~XI;V<I5D@ÃJ90ZU1KVDN
T
1A9
T
0 V~X0V\1Þ<I5.39ﬁ;.Wﬁ
Z1KZA@
{
Ù~

|
¿
Ù7?Ø`Ø
Õ

B <I@9I<jZ@<81A 0 
V\1K7?Z4VD;<V<eZ>1iV:345:90ZÁV:;,3
Y[ZEZA4;.1lN9 0 
{
@AJ9ﬁ5D5:9 B VD;[X@A43
T
1iV:9ﬁ;C|
¿?ª
;X
V:1A7?
Z~N9 0 1K7?Ø`Ø
Õ

0 V 0 ;?9I1~39ﬁ;.1iZKV:G[Yh1A1A9i1K7?61iZEV~X0XI
Z
¿
ÄÅ7?;M9ﬁ<
Zﬃ<81K 0 VD;<V<ﬁZ1iV:345DN9 0 1K7?Ø`Ø
Õ

<[Z>9ŁWﬃV 0  0 <Ù~

T
@>1K9I<M@KV&Xﬁ;V<I5?J2Z>9ﬁNb1K7h
3<_1K7?9 0 J90ZUWﬁZ>]iG<8NÆ<V<eZ>1iV:345: 0 21K4321K 0
¿
Ù7?<9ﬁ@KV\1iV:9ﬁ;r9IJC1A7?)G<INÆ<V<ﬁZ>1KVD35D^3490Y?5 0
G 0 ZKV\Wﬁ 0 J2ZA9ﬁNb1A7?~J90Y[Zo<I;?9 0 l@>1K9I<M@KV&Xﬁ;V<I5:@
¿0Õ
5D5?1KVDNVD;[X6@EV~Xﬁ;V<85D@ B ZAXﬁ4;?Z@<81A 0 GY]
0 V&ZA4321K5\]S349ﬁ;?;h431KVD;[XH<

UÅ1K9r1A7?Ä<8NL<?5&V:Á% 0 Ø`Ø
Õ

<Y?5D@>
¿'ª
;m< 0?0 V:1iV:9ﬁ;S1K7?c3<81A7?9 0 
@KV&Xﬁ;V<I5
B
<I@)39ﬁ;?;?31K
0
1K9r1A7?@>3<I5:
Z^1K9
0
V~ZA31A5:]S349ﬁY?;.1)1K7?c;zY?NFG
Z98J«VD;?3V
0
;.1)G<IN
<V<ﬁZ1iV:345D@
¿
ª
;`3
Y[ZEZA4;.1cNL9
0
WI
Z]®<8;?9
0
@1iZEVD<
B
<8@c39ﬁ;?;?31K
0
1K9L<S3
Y[ZEZA;Y1
T
1A9
T
J2Z>4ÇzY?4;h3]`349ﬁ;
T
WﬁZ>1A
Z
¿
Ù7h
0
V:¿j
Z>4;.1FJ2ZAÇzY?4;?3VD@
B

Z>,NL9I;[V:1A90ZA
0
VD;I<=@>3<I5:
Z
¿ÐÕ
@r1A7?,@A3¯<I5DZ
B
<I@
;?9I1ÁZA<
0
9ﬁYh14ZAX0Y?5><ﬁZA5\]ﬁﬃV:1
B
<I@~;?344@>@ <ﬁZ]1K9FJ
0
9ﬁ;?6@>3<I5:
Z)3E7<I;?;?5
B
V:1K7°<
\aº
"z


@KV&Xﬁ;V<I5j1K9SGjZ<IGh5D1K9S3¯<I5D3Y?5J<81Af<IG?@>9ﬁ5~Yh1AJ2ZAÇﬃYh4;?3VD4@~J90Z)1A7?9I1K7?Z~3E7V<I;?;?5D@
¿
R
<I3E7XﬁZANO<I;[V~YhN
0
1K31A90Z
0
5~V:WI
Z>
0
ﬀ
;?
ZEXI]R<8;
0
1iV:NÃV:;[X@KV~XI;V<I5D@Y9ﬁ;?J90Z^1K7?3490Z>
<I;
0

J9ﬁZÃ1A7?n@>
XﬁN4;.1A@
¿
Ù7?4@>@KV&Xﬁ;V<I5:@
B
ZAXI4;?Z@<81A
0
G.]NY?@EVD;[XcNF<ﬁV:;Z<INL<h5~V:Á?
ZA@¤<8;
0
ÙGU
Õ~T

U
T
3E7V<ﬁV:;?@4ÇZA4@><j31KV:Wﬁ5:]
¿
U6YZ>1K7h
ZAN90Z>M1K7?,<ZA<8NL<?5&V:Á%Zr@EV~Xﬁ;V<85n9IJl1K7h,3490Z>
B
<I@
0
V\¿ÀZA;Y1KVJ<81A
0
VD;%<I;U<
0h0
V:1KVD9ﬁ;V<85I1iV:NÃV:;[XÁ%5:1A
ZE<IN<?5~V\Á%
Z
{
Ù)ÈKÉ Ê
ý
¹
º
;?@eÙ)ÉÌËVÍ
ý
s8º
;?@K|
<I;
0
349I;Y1KVD;zY?90Yh@A5:]
0
V~X0V\1iV



0
V:;M<
s
¹
º
z


/
T
G[V\1U 5J<I@>7
TÕ


?@A9S1K7<81~1K7?3490Z>3
Y[Z
T
ZA;.1~<[Y?5D@>4@
B

ZANZ><
0
V:5:]O<aW?<ﬁVD5><IG?5D~J90Z1A7?6@>1A4<j@>1
T
@A5:9ﬁ<jZ<I5&Xﬁ90ZEV:1K7hN
¿'Î
;?5\]M1K7h63490Z>
1iV:NÃV:;[X6@KV&Xﬁ;%ÏI5:@
B
ZAY?@A
0
VD;S1K7?~1iZEV~X0XI
Z
¿
Ù7hc;?
ZEXI]@KV~XI;%ÏI5D@
B

Z>ÏI;?ÏI5:]



0
G.]7[V~XI7
ZA@A9ﬁ5&Yh1iV:9ﬁ;
{
\aÐ_T
G[V\1aJ90ZXﬁZANLÏI;[V&Y?N|
Õ


@kÏI5D5^1iVDNVD;Xo@KV&Xﬁ;%ÏI5:@
B

ZAY?@>
0
ÏI@S@>1A9ﬁ<
@KV&Xﬁ;%ÏI5:@J90Z4Ù~

@
¿
íGîïGîVÑ wûóbÒv¥)¤%£øC£>¥)¦ ÷ó¦6¤%£øC£§òÁógÒQÒ±Ó
ª
;ÔÂ"<jZKVDN4;.1A@
B
V:1A7ÔÂ"1KZANL5:]+5D9
B
Gj4ÏIN VD;.1K;?@KV\1iVD@61K7?G%ÏI3EzX0Z>90Y?;
0
¬
T
ZAÏa]"@
0

T
1K31A
0
V:;`1A7?OXI
ZANLÏI;[V&Y?N¾ÏﬁZEZKÏa]X90Yh1A;zY?NFG
Z~1K7?;zY?345:aÏﬁZZA4ÏI31KVD9ﬁ;
¬
T
ZKÏa]'@G.]X90Z
0

Z>@
9IJNMÏﬁXI;[V:1KY
0

¿½ª
1V:@1A7?
Z>J90Z>MNLÏI;
0
Ï_1K90Z]=1K9
0
1A4321FÏ815D4ÏI@>19ﬁ;hL3E7%ÏeZKXﬁ
0
<%ÏﬁZ1iV:345D
<[Z>9
0
Yh34
0
VD;1A7?ZA4ÏI31KVD9ﬁ;ÏI;
0
1K9BY?@>`Ïv1KVDN349ﬁVD;?3V
0
;?341A9PÏ83E7[VD2WﬁHÏ+@EYhÕ3
V:4;.1
­Y®

®
´h¯°
Ó
¸±°ÇÒ¯q²l¯³6´¶µ§´v¸~·.¶6¯u° ¯®´°w¯©³
Ó
¯^²~µ§²o¯k¸S° \0\ﬁ\
G%ÏI3EzX0Z>90Y?; 0 @KY?<h<[ZA@A@KV:9ﬁ;
¿
Õ
1
ª
Ö
Î6Ö
J×Ï83
VD5&V:1KVD4@S5&VDI=
R cTØª
Ö
Î6Ö

R
7[V&Xﬁ7ÙÇzY%ÏI5&V:1O]ÚGj4ÏINL@
{
5D9 B 4;h
ZKX8]Ù@A<[Z>aÏ 0 
@A7?ÏﬁZA<SJ9"3Y?@E|ÏeZA~ÏaW8ÏﬁVD5DÏIG?5D
¿8ª
;90Z 0 
Z©;?981©1K9349ﬁN<[Z>9ﬁNÃV:@A^1K7?@Al<[ZA9ﬁ<
Z1iV:4@481K7?~GaÏIN
<%ÏﬁZ1iV:345Di@>7?90Y?5 0 ;?981<?ÏI@A@rÏ 0 21K31K9ﬁZGJ90Z>1A7?S1EÏﬁZEXﬁ1
¿
UC9ﬁZV:;.Wﬁ
Z>@A1iZKÏ8;?@>JZOZ>aÏI3
T
1iV:9ﬁ;?@l9ﬁ;o5&V~Xﬁ7.11KÏﬁZKXﬁ21NLÏ81A
ZKVDÏI5D@4V\1VD@~NL9ﬁZAJ×ÏpWI90Y[ZAÏIG?5D1K9 0 1A43211K7hr7?4ÏpWY]`<%ÏﬁZ1iV:345D
{
B 7h9ﬁ@AHNL9ﬁN4;.1KY?NÛ7%ÏﬁZ 0 5:] 0 V:¿j
Z>@SJ2Z>9ﬁNÛ1K7hHN9ﬁN4;.1iY?NÜ9IJ1A7?HGaÏ8NÝ<%ÏﬁZ>1KVD35D4@K|2
1K7?ÏI;L1A7?c5&V~Xﬁ7.1©<?ÏﬁZ>1KVD345:I B 7[V:3E7f 0 4<4; 0 VD;[X9ﬁ;S1K7?ZA4ÏI31KVD9ﬁ;f.34ÏI;L1KZKÏaWﬁ5ÀÏ_1nÂ'1iZANL5:]
5D9 B @><j 0 ÏI; 0 VD;oÏI5DN9ﬁ@>1cÏI;.] 0 V~Z>4321iVD9I;fC@A9M1A7%Ï81V:1VD@ 0 V:Õ3
Yh5:1l1K9 0 21K31
¿
Ù7?r9I;?5:]
5~V:NÃV\1EÏ81KVD9ﬁ;L9IJU1A7[VD@lN1K7h9 0 VD@GY?@EY%ÏI5D5\]1K7h7[V&Xﬁ7`3490Y?;.1ZKÏ81AOV:;`1A7?J90Z B ÏﬁZ 0H0 1A4321K90Z
7?9 B WﬁZ4©1K7h3490Yh;Y1ÔZAÏ81K 0 9"@i;?9I1i<ZA4@>4;.1LÏo@AZKV:90Y?@i<[Z>9ﬁG?5DN¨7h
ZA8©ÏI@r1A7?,GaÏIN
VD;.1A4;?@EV:1iV:4@kÏﬁZ>Ï85~ZA4Ï 0 ]r5D9 B
¿"Õ
;? B <9ﬁ@EV:1iV:9ﬁ;i@A;?@KV\1iV\WﬁØ®Ø
Õ

J90Z^
R© lTOª
Ö
Î6Ö

R
7%Ï8@
1K7h
ZA2J90ZAG4; 0 2Wﬁ5D9ﬁ< 0 Ï811K7?NÙ~Þ
T
6ÏﬁZ>NL@1EÏ 0 1ß

Y?G
þﬁþ8à
¿
Ù7?ûØ`Ø
Õ

39ﬁ;?@EVD@>1A@)9IJÃ¹NL21EÏI5:5~V



0
J90V:5D@^ÏI;
0
V:@n9I<jZKÏ81A
0MB
V\1K7V:@A9ﬁ<ZA9ﬁ<%Ï8;?Ï81Ï(X.Ï8@
<[Z>4@A@EY[ZAr9IJ^¹iNFG%ÏﬁZ
¿
Ù7hr3
V&ZA3Y?5áÏﬁZlÏI321iV\WﬁÏﬁZA4ÏL7%ÏI@Ï
0
VDÏIN1KZ~9IJ

º
NLN`?1K7hrÏﬁZ>aÏI5
0
;?@KV\1O]
{

\0¿
¹NXY83NLânNr]'5áÏﬁZK|®VD@n@KYhÕ3VD4;.1A5:]L5D9
B
1K9SÏI5:5D9
B
<%ÏeZ>1iV:345:4@n1A9r1iZAÏaWﬁ
Z>@A61K7h
0
21K4321K90Z
B
V\1K7?90Y"1@1K9ﬁ<h<[VD;[Xhf@A9X1K7%Ï_161K7?
¬
T
G%Ï83EﬃXﬁZA90Y?;
0
J2Z>9ﬁNäã
T
0
3aÏa]'@9IJ1A7?S<[ZA9
T
>4321iV:5D4@34ÏI;`GjI<h1cÏI@~5D9
B
ÏI@~<j9ﬁ@>@KV:G?5D
¿
Ù7?34;.1iZKÏ85½3aÏ81A7?9
0
J90VD5@VD;,1K7?6NV
0h0
5D98JÃ1A7?
0
1A4321K90ZGVD@Y?;[V:J9ﬁZAN5:]NL21EÏI5:5~V



0
9ﬁ;
G9I1K7w@KV
0
4@SÏ8;
0
349ﬁ;?;h431A
0
1K9v1K7h,7[V~Xﬁ7QWI9ﬁ5:1KÏﬁXﬁ@EY?<?<?5\]
¿
<j;
0
VD;Xv9ﬁ;1K7?,390Y?;.1
ZKÏ_1K4@1A7?NØ`Ø
Õ

V:@9ﬁ<jZKÏ81A
0
Ï81WI9ﬁ5:1KÏﬁXﬁ4@G1
B
4;
TVÐ
¹
º
¼J90Z7[V&Xﬁ7,3490Yh;Y1ZAÏ81K@cÏ8;
0
T
ﬀ
ºﬁº
qJ90Z 5D9
B
3490Yh;Y1`ZAÏ81K@
¿
Ù7?@KV&Xﬁ;%ÏI5'J2ZA9ﬁNå1K7[V:@ J90V:5"7?ÏI@1K7?Gj@>1©1iV:NÃV:;[XZA4@>9ﬁ5~Y"1iVD9I;
{
*FæOçpèéhê
}g¹S;?@lÏ81
TOÐ
¹
º
6|~Ï8;
0
V:@)1K7?ZA2J90ZANY?@>
0
J9ﬁZ)1iVDNVD;XF<[Y[Z><j9ﬁ@>4@
¿
Ù
B
9PJ90V:5D@i@AXﬁN4;.1K
0ÚB
V:1A7ﬃÏ85~Y?NVD;[V&Y?Në@>1iZEVD<?@
B
V\1K7ÚÏ[<[V\1K3E7
Æ
9IJ
\ﬁ¿#
NLNÜÏﬁZAY?@>
0
ÏI@rÏI;?9
0
LJ90V:5D@
¿
Ù7?L1
B
9=J90VD5:@ÏﬁZAL90ZKV:4;.1K
0
<
ZA<4;
0
VD3Y?5áÏﬁZ>5:]v<
Z>NÃV\1A1KVD;[X,Â
T
ÏI;
0
]
T
ZA@A9ﬁ5&Yh1iV:9ﬁ;
¿
Ù7?OZA4@EY?5:1KVD;[XL<j9I@KV:1KVD9ﬁ;ZA@A9ﬁ5&Yh1iV:9ﬁ;ÄV:@c5&VDNV:1A
0
G.]`1A7?F<[V\1K3E7H9IJ©1K7?@>1KZKVD<h@
{
*FìíE*iî
	
\ﬁï
NLNM|
¿
ª
;Ù90Z
0

Z1K9 X0Y?ÏﬁZKÏI;.1A4vÏZ>45&VáÏIG?5:X9ﬁ<jZKÏ81KVD9ﬁ;ﬃ9IJ1K7hÝØ`Ø
Õ

7?9ﬁN90Xﬁ4;h490Y?@M45D31KZKVD3
Á%5
0
@lÏﬁZ>6;?434@A@AÏﬁZ>]`G1
B
4;o1K7?ÏI;h9
0
ÏI;
0
34Ï81K7h9
0
6J90V:5D@
¿
Ù7zY?@cÏI;H;.1iZ>],J9ﬁVD5fÏ8;
0
ÏI;Ú2ÂV:1LJ90VD5~ÏﬁZ>H;h434@A@AÏﬁZ>]Ú1K9Ô<ZAWI4;.1,1K7h=ÏI;?9
0
XJ90VD5:@iJ2ZA9ﬁNÝG4;
0
VD;[X
0
Y?H1A9Ô1K7h
<[Z>4@A@EY[ZA
0
V\¿ÀZA4;h34VD;?@EV
0
ÏI;
0
9ﬁYh1K@EV
0
61K7hOØ`Ø
Õ

¿
Ù7?F5D31iZ>9ﬁ;[V:34@l9IJ©1K7?rÏI;?9
0
J90VD5:@l34ÏI;=Gr9ﬁ<
ZAÏ81K
0
VD;`1
B
9,N9
0
4@
¿ª
;H1K7?ðhñIò2ó×ôöõ2÷Dø
ùMú4û
ø1K7h)@>1KZKVD<h@©ÏﬁZA349ﬁ;?;h431A
0
WﬃVáÏ
0
5áÏa]5~VD;h4@Ï8;
0
s
<[Z>aÏIN<?5~V\Á%
Z>@ÏﬁZ>ÁY?@>
0
J90ZU4ÏI3E7
üØý¶þŁß ×ý	
VßIßVýÀßßlýöþŁß  ßhý×ýﬁﬀﬃﬂ
 ! 
s "ÐÒc»
Ó
° ¯k²
­Y®
°ÇÒ¯q²l¯³6´¶µ$#&%~·('6¯¼° ¯)#½°¯³
Ó
¯k²lµ$*o¯k¸i°
all_pp_xy2+
Y 
[ m
m
 ]
X [ mm ]
-3
-2
-1
0,
1
2
-
3.
-4 -2 0, 2- 4/
02143!576A¹
¿
¹98:<;>=@?BAC!DFEDFGEIH;
OJ
ÅLK
;>=@?M?N;>=A	O@PQ;SRUTWV EIHXEIH;
ﬂÃ"!2Y
#
J
$XZ
&\[][F^_
=E`=
K
;S=a?MVcbdEe;bAIV EgfhDFG)i
-I
C@CAkj
J9!1:5lnm7h;.1L6>]X<9ﬁ@1:1L1:9ﬁ;,9IJÃ1K7?<%ÏF61L1:345D3aÏI;`Gj
0
k61\Wﬁ
0
J6A9ﬁN1K7?

0
T
1L1:NL
0
1:¿jS6
T
4;h344@G1
B
44;[1K7?i<n6AaÏ8NL<?541:Á%k6@143ﬁ;%ÏI5:@4ÀÏI@63aÏI;+GS@A4;o1:;p021Q3F576AS¹ql¹9l
ª
;Åõ	r'òòEø	s%ó
ùMú4û
ø^aÏ83E7H@1L61:<t1D@n349ﬁ;?;h431A
0
1K9SÏF3k5766>4;.1
T
1K9
T
J6A4Ça5?;?3]X39ﬁ;.Wﬁk6>1Kk6lÏI;
0
ÏF@A34ÏI5Dk64?@>9
1K7?Ï81k1K7?)Â
T
ÏI;
0
]
T
<76A9Ł>4311D9ﬁ;S9IJj1K7?~GaÏIN 3aÏI;Gj
0
k61\Wﬁ
0
J6A9ﬁNÆ@A34ÏI5Dk6^@><j316KÏnlam7 1:@
N9
0
u1D@@A<43k1áÏI5:5:]v5?@A2J5?5UJ9!6c<j9I@1:11D9ﬁ;n1D;731K7?FGaÏ8NäÏ817 1Q3ﬁ7w6AÏ81K@Sl
ª
163aÏI;+GU5?@>
0
G1
B
44;
 
ºx
ÏI;
0
¹"
 
º!y
<?<?@Sl
ª
;F@1D;73ﬁ5:k<%ÏF6>11D35D6A4Ï
0
9!5h1 N9
0
nÏI;Õ3S1:4;?32]r9IJ?NL9!6>^1A7%ÏI;
þ0þ.
B
ÏI@UNaÏI@576A
0rB
1:1A7
z
T
<%ÏF61L1D35D@
{
 
l


F6|)J6A9ﬁN ÏI;|{cN
T
@A9!576>34Ï81cÏS<%ÏF6>11D35D}6KÏ_1K9IJ
 
º

<?<h@Sl
ª
;H1K7h
1D;
T
GaÏIN 2Â"<S61DN4;.1Ï34k6>1KÏF1D;=5:9ﬁ@A@9IJ^Õ3S1:4;?32]
B
ÏI@69ﬁG?@>S6>WI
0
Ï81WIS6>]o7 1Q3I7~6KÏ81A4@kl
{)1Ï<%Ï6>1L1:345:}6KÏ81A98J
 
ºI
<?<?@cÏI;`Õ3S1:4;?32]H98J
ﬀ
º

B
ÏI@lJ9!5?;
0
J9!61K7h{

lm7 1:@
Õ3k1D4;h3]
B
ÏI@
0
21Kk6AN1D;?
0
GY]L349INL<%Ï61D;n3r1K7?<j4ÏIMÏ6AaÏF98J½1K7?@1L6>9ﬁ;73ﬁ@>1
ey
¬
T
541D;?
Ï81



8<76A9
0
5?3
0
1:;v1K7?âEz
{
O


ey

|<6A4ÏI311D9ﬁ;1D;[ÏX@A<43165?N1:;P39!1D;h3S1
0
4;?3
B
1:1A7`1A7?u`{

B
1:1A7`1A7?<aÏ8XÏF6A4Ï1D;HÏS@A<43165?N
B
1\1K7?9!5"1l1A7 1D@~39!1D;?3k1
0
;?34lm7?
Õ3k1D4;h3]6KÏI<n1
0
5\]
0
3S6A4ÏI@A
0
1K9o¹
º

Ï_1FÏXNL4ÏI@5n6A
0
6KÏ81AS9IJ
 
lt¹"
 
ºI
<?<?@4Á%;%Ï85D5:]=Ï
@KÏ_1L576AÏ81L1:9ﬁ;6KÏ81A69IJÏ8Gj9!5"1
Ð

 
º8
0
1K31A
0
<?ÏF6>11D345:4@<S6~@A349ﬁ;
0HB
ÏI@W6AaÏ83E7?
0
l

1:N1:5áÏF6541DN1:1KÏ81L1:9ﬁ;?@Â91D@>1J9!61K7?<9ﬁ@1\1L1D9I;o6>4@A9I5Q5h11D9ﬁ;[9IJ1A7?{

l2{)1rÏH<%ÏF61L1:345D
­Y®

®
#h¯°]Ł%±°]¯q²l¯³6´¶µ$#&%~·('6¯u° ¯`#°w¯©³Łk¯^²~µ$*o¯k¸S°
 ! 
Ð
6KÏ_1KF9IJ
 
º8
<h<?@1K7?i<9ﬁ@1:1L1:9ﬁ;o34ÏI;+Gj 0 1Kk6AN1D;? 0 J9!6 ÏI5:NL9I@>1ÏI5D5 Wﬁ;.1K@4½Gn5h1ÏIG9ŁWI
 
ºF
<?<?@c1A7?FÏ8;?9 0 @1Q3ﬁ;%Ï85D@l9IJ1K7hU{

0 k3!6KÏ 0 FÏI; 0 ÏL<9ﬁ@1\1L1D9I; 0 21Kk6AN1D;%Ï811D9ﬁ;1:@
9ﬁ;?5\]<9ﬁ@A@1DG?5:J9!6~Ïi@ANLÏI5D5jJ6KÏI321L1D9I;,9IJÏ85D5f2Wﬁ4;.1A@Sl
m7?L
RlTOª  Î6Ö(6R
{

1:@}1 0 4ÏI5D5\]o@571:1A 0 1K9X9ﬁGh1KÏF1D;[Ï,1L1:NLF39!1D;h3S1 0 4;?3LÏ8; 0 1A9
349F5?;.1GaÏIN <%ÏF61L1:345D@Sl
ª
11:@c;h9I16>439ﬁNLN4; 0  0 1A95?@>r1K7hU{

1D;`<%ÏF61L1:345DN9 0 
B 1:1A76KÏ81A4@SÏIG9pWﬁ
 
º8
<h<?@4©Ï8@F1K9'9=NMÏ8;Y]Ô<%ÏF61L1D35D@r<%ÏI@>@i1K7? 0 21K31K9F6h5?; 0 21K4321K 0 l
m7?<9ﬁ@1:1L1:9ﬁ;1D;hJ9!6>NMÏ_1L1D9I;[34ÏI;Q9ﬁ;h5:][Gj5?@A 0 Gj5D9 B
 
º 
<?<?@4ÃJ9!6r7n1Q3ﬁ7?k6u6AÏ81K@r1K7h
J6KÏ831L1:9ﬁ;Ô98J~Wﬁ;.1K@ B 1:1A7Ï815D4ÏI@>1r9ﬁ;?N1D@>@1D;n3oÏI;h9 0 1L1:NL2Â"34 0 @F1A7?;a5?NFGS69IJ
WI4;.1K@ B 1:1A7XJ5h5D5f<9ﬁ@1\1L1:9ﬁ;t1D;hJ9F6ANLÏ81L1:9ﬁ;<l
WeW w}2 U¦¡7¢ £¤2¥ ¦¦£§¨ ©(¡ªU¡<¡?¥¥
m B 9
Hªe«cª
 {
ÖÖ
NL9 0 5?5:4@ B k6A=NL<h5D9p]ﬁ 0 1K9PNL4ÏI@5n6AX1K7?
¬
T
6KÏa]'@MN1\1A1A 0 J6A9ﬁN
1K7ho2Â"3k1:1K
0
;a5?345:S1<n6A9
0
5?34
0
l
ª
;ﬃ9!6
0
k6L1A9Q9ﬁGh1KÏF1D;ﬃÏÔ@A<4321L65hN
B
1\1K7ÙÏ¬3I9"9
0
5:9
B
T
4;hS638]¬6>4@A9I5Q5h11D9ﬁ;P9ﬁ;?N9
0
5?5D
B
ÏI@i9ﬁ<S6KÏ_1K
0PB
1:1K7QÏI;Q4;hS638]¬6AÏI;73ﬁJ6A9ﬁN
ºv
2
1K9
 
l¹

2Fh1A7?69I1K7hS6N9
0
5h5D39pWﬁS6>
0
1K7?
B
7?9I5D@><j31L65?N 5?<,1A9h­

Fh@A9i1K7%Ï_1
1:1
B
ÏI@FÏI5:@A9H<j9ﬁ@>@1:G?5DS1K9
0
1A431F7 1Q3ﬁ7P4;?k63I]
¬
T
6AÏp]'@klUÞl;hJ9!6>15?;%Ï81A45\]ﬁ½1K7?L349ﬁ5
0
0
R
m
9IJ1K7hN9
0
5?5Dc349pWﬁk61:;73i1K7?5D9
B
T
4;?k63I]6KÏI;73I6G76A9ﬁ8
0
9
B
;
0
5761:;73F1K7?Âh<S61DN4;.1a
@A9S1K7?Ï81~1K7 1:@lN9
0
5?5D
B
ÏI@l9ﬁ;?5\]XÏaW8ÏF1D5DÏIG?5DlJ9!61K7?NaÏI@576ANL;.1K@
B
1:1K7X1K7hGS6]"5:5Q145?N
1EÏ63ﬁ21a
B
7 1:3E7
B
S6><S6J9!6AN
0
Áª6>@>1Sl
m7?LNL9
0
5?5:39pWﬁS61D;73H1K7?L@ANLÏI5D5©;?S63I]¬6AÏI;73ﬁ
B
ÏI@F3aÏ85Q1DGn6KÏ81A
0
5?@1:;73=ÏXÁ?Jm1K7Q9F6
0
k6
<9ﬁ5:]';?9ﬁN1áÏ85
0
S61:WI
0
J6A9IN Ïo@A<4321L65hN¨NaÏI@576A
0ÔB
1:1A7Ïp®

â
R
5@>9!576A3Fl]m7?v®

â
R
5
@A9F576A3
B
ÏI@ÏI5:@A9v4N<?5:9Ł]I
0
1K9v9ﬁG"1EÏF1:;Q1K7?X5D9
B
4;hS638]
0
Ï81KÏvJ9F6F1K7?,34ÏI5Q1:G76KÏ811D9ﬁ;P9IJ
1K7h9I1A7?S6)N9
0
5?5D8@1:1
B
Ï8@7?9
B
2WﬁS6N9!6>c3E7%Ï85D5D;73!1:;731A9r3aÏ85Q1DGn6KÏ81Al1A7?5?<h<jk6)4;?k63I]
6KÏ8;73ﬁv9IJ1K7?v7n1Q3ﬁ7Å4;hS638]
0
1A4321K9!6~ÏI@,;?9@571\1EÏIG?5:=7 143ﬁ7Ù4;?k63I]
¬
T
@A9!5n6A34@
B
S6>
ÏaW8ÏF1D5DÏIG?5Dl

4@1
0
@Ï
â
x
«
Ï@A9F576A3
{
R2¯F°
 
Ð0!±
8r
s!²
¹­,I2|2
B
7n1D3E7
B
Ï8@64N<?5D9p]ﬁ
0
9ﬁ;?5\]9ﬁ;?34Ï81U1A7?;
0
9IJ%1A7?GaÏIN1L1DNIŁ9ﬁ;h5:]61K7h);%Ï81576KÏI5'G%ÏI3Ea3!6>9!5?;
0
¬
T
6KÏa]'@U9IJCâ®
x

1
{
R2¯F°
 
²ﬁ
¹~8|ÃÏI;
0
â´³´µIm5
{
R2¯F°se
 
­lI6|
B
S6>)ÏaW8ÏF1D5DÏIG?5D J9!6Ã1A7?^3aÏI541DG76AÏ81L1:9ﬁ;<l
ª
1
B
ÏI@
;?2WﬁS61K7?5D@A@<9ﬁ@A@1DG?5:~1A9r9ﬁG"1EÏF1:;MÏ¨3ﬁ9"9
0
3aÏI541DG76AÏ81L1:9ﬁ;iWI4;J9!6^7 1Q3I7?S6k4;hS63F1D4@hÏ8@n1K7h
ã
T
0
3aÏa]i9IJ
ey

{
}¹6N1:;F7%ÏI5·¶ª1:Ja| <76A9
0
5?3
0
1D;F1A7?W6AaÏ831L1:9ﬁ;F]q1D5
0

0
Ï67 143ﬁ7i4;hS638]
¬
T
5Q1:;?cÏ81
Ð
 
ºﬁÐ
8F
B
7?4;1A7?@>7q5"1A1Kk6
B
ÏI@1D;h@AS61K
0
1D;LJ6>9ﬁ;.1)9IJ½1A7?}{

l9m7?u®

â
R
5
@A<4321L65?N 1K9F3ﬁ1A7?S6
B
1\1K71A7?67 1Q3I74;?k63I]5Q1D;h4@9IGh1EÏF1:;?
0
J6>9ﬁN 1K7?G?ÏI3Ea3!6A9!5h;
0
Ï8;
0
1K7hlã
T
0
434Ïp]
B
S6>N5h@A
0
1K9
0
k61:WIÏÁ?Jm1A7L9F6
0
k6^<9ﬁ5\]";h9ﬁN1DÏI5"J9F61K7?~3aÏ85Q1DGn6KÏ811D9ﬁ;F98JÀ1K7h
7 143ﬁ7X4;?k63I],N9
0
5?5Dl
 ! 
­
"c»Ł° ¯k²
­Y®
°]¯q²l¯³6´¶µ$#&%~·('6¯¼° ¯)#½°¯³}Łk¯k²lµ$*o¯k¸i°
Effizienz
G
er
m
an
iu
m
 E
ffi
ci
en
cy
 [ o
/¸ oo
 
]
Energy [ keV ]
10
-1
1
10
0¹ 500º 1000 1500 2000» 2500» 3000¼ 3500¼
02143!576A,¹9l

8
9½h¾
V¿;b
¾
f\DFG=\AVbÀnÁ ;pÂ #ÄÃ)# :
^
ZnZ
¾
P4fA$E$=@ÁÅDnC!;PÆ=dEe;SRo=E=vE$=PQÀ!;kERnV¿AeE$=ab
¾
;
DFGui
-
jÈÇ
¾
?Uj(WH;pÉ
&[
;
½h¾
V ;b
¾
fpDGNEIH;
¾
D@PÊ;
¾
DnbdE$=
¾
EV¿AhAHD>Tb
K
f\ËÁﬃÁ ;kR
¾
VP
¾
Á ;SA	ÌEIH;
;
½U¾
V¿;b
¾
fuDFGÅ=XA;kÀn?;bdEV AÍAHD>TNb
K
f}ËÁﬃÁ ;SRÎEIPﬁV¿=abÀ9Á ;SAkj&:<DEIHX;
½h¾
V¿;b
¾
V¿;kAÍT;PQ;}R@;kEe;P?XVcb;SR
OAIVcbÀh=hÁ DnbÀ
¾
D9Vb
¾
V R@;b
¾
;ELV?;WTWVcbR@D>TBÏÐFÑ
-
bALÒ	jaÓÔH;b¨=Ub=PPQD>TÕELV?;NTWVbR@DdTÖÏﬁÑ@×bAÒ
V¿A=@C@C@ÁﬃV ;SRªÌªEIH;ÉªØ
[
;
½h¾
V ;b
¾
fhDFGEIH;
¾
D@PÊ;uA$EIPQDnbÀnÁ fUR@;
¾
PÊ;S=A$;SAGDaP`Á D>TÙ;b;PÊÀqV¿;SA¨ÏHD9ÁÁ D>T
¾
VP
¾
Á ;SAÒkj
mÚ?ÛÜKÏFÝ71QÞ414Ü´ßÕàFáÜÚ?PkÞDkâkÜL6à!ã714âSÛ`ÏFã7äÙ1QãÙâSà!ãnÛA4Ça5?kã7â4oÜLÚ?âaÏFÞ41QÝ76AÏÜL14à!ãå1QÛ57Û5%ÏFÞ4Þ4ß
Ï~æLÏŁà!6Uâkà!ã7â4k6ãç1Qã
¬ªè
6KÏ>ßéÛêjkâkÜL6à!Ûâkà!ê@ß!l^zNàdënkìIS64ÜÚ71QÛëÏFÛÎã7àFÜÜLÚ?tâ4ÏFÛAt14ãéÜLÚ714Û
2Â9êS61QæSã@Ü>l{ÛÅÜLÚ?)ÞQàdëÝaÏFæ©14ã@ÜKSãnÛ14Ü´ßkã7Û576>SäUÜÚ%ÏÜÅÜLÚ?`3ﬁS6æMÏã71Q57æ¤ÛêSâkÜ657æëÏFÛ
ä7à!æ1Qã?ÏÜKkäÝ@ßÝ%ÏFâEa3!6à!57ã7ä
¬ªè
6AÏ>ß9Û9ÜÚ?}âaÏFÞ41QÝ76AÏÜL14à!ãÎë)ÏFÛæà!ã71·ÜLà!6>Säâkà!ã@ÜL14ãq5nà!57ÛÞ·ß!l
ª
Ü
ë)à!57ÞQävÚ%Ï>ìﬁXÝ4kã|êà!ÛÛ1QÝ7Þ:ÜLàÎâaÏFÞ41QÝ76AÏÜKNÜLÚ?XÛêSâ	ÜL6AÏ	ìﬁSãvëW14ÜÚ7à!5nÜW57Û1Qã73
¬ªè
Ûà!576âSÛkl
¬ªè
6AÏdß\ÛêSâ	ÜL6à!Ûâkà!ê@ß~ëW14ÜÚ~6KÏFän1Qà.ÏFâ	ÜL1·ìﬁÝaÏæÛN6A4Ça57146AkÛÏ3ﬁS6æMÏã71Q57æ«ÏF66KÏ>ßvëW14ÜLÚ=ÏFã
2Â9âSÞQÞ:Sã@Ü2á5nÞQÞ
è
Sã?k63Fß
è
êj4ÏIÕâk1DSãnâkß
{
0í=Õâk1DSãnâkßnîUÏÜ]æàqä?k6KÏÜA
¬ªè
æ57Þ4Ü1Qê7Þ41QâS1·ÜL1:SÛSl
Hªe«lª

{
ÖÖ
ëÏFÛ½SÛêjkâS1DÏFÞQÞ·ßä?kÛ143!ã?SäXáà!6&ÜÚ71QÛÀq14ã7äXàFá'2Â9êS614æLkã@Ü>ld0ªà!6½ÏÛ1Qã73!Þ:
Hªe«lª
è

{
ÖÃÖ
3IS6æLÏFã71457æïâk6ßqÛÜKÏFÞà!êS6KÏÜKSäÔÏÜÏÜKÏF63IkÜuä71QÛ$ÜEÏFã7âÎàFá
 
º
l

âSæðÜÚ?Lkã?S63Fß
è
ä?kêjkã7ä?Sã@Ü1Qã
è
Ýj4ÏFæÛÕâk1DSãnâkßçàFáÜÚ?vâSà!6>oÏFãnäÔà!ãh\Û>S3!æSã@Üë)ÏFÛæL4ÏFÛ5n6ASäﬃÏFÛÏ
á57ã7â	ÜL14à!ãñàFákã?S63Fß©òÛAw021Q3F576Ao¹9l

î	l

à!576â4kÛëW14ÜLÚqÏoâaÏÞQ1QÝn6KÏÜASäqÏâkÜL1·ìq14Ü´ß¤ò´®
ey

Û
®

â
í5î½ÏFã7ä
¬ªèØ¬ªè
âkà!1Qã7âk1Qä?kã7â4Ûà!576âSÛÍò
â
x
«
Ïh
®

â
í5î
â
ënS6>)57Û>Sä<l0ª576$ÜLÚ?k6æà!6AÜLÚh
¬ªèö¬è
âSàF1Qã7âk1Qä?kã7â4`âaÏFÞ41QÝ76AÏÜL14à!ã7Û&ënS6>kæê7Þ4àdßﬁSäXÜLà1Qã@ìISÛÜ1Q3.ÏÜKÜLÚ?`1Qãn¶75?Sã7â)àá7âSàF1Qã7âk1Qä?kã7â4
è
ó$ôÆkýöþŁß
$	
ec pß$
Vß
ﬃﬀõEýﬃkö÷Æ
$kﬁ
	 pßaﬀößªﬀößøSùﬀ¶ß @úûfþŁßüﬀõý9ö÷ÊﬀLý]n pßý¶ß
Vý¶ß ﬃ)½ýﬁﬀþ	þ2ßﬀ
 pßý¶ß
Výﬁkﬀß>ý¶þŁß<¶ß
ek kŁßkýöþŁßþß$ﬀù~ pßVýöß
Oý	ﬀ"ýﬁ28ßjý¶ßýöß @ú ]ý
ekﬃ
$ Łß$
ßßß$4ýß½þŁß$ﬀöß
ý¶þ_ß~ýﬁﬀõgýﬁ	UﬂF	ﬂùcEýﬃþÄkﬀ) pßﬂkﬂùcEýﬁþUý¶þŁßNﬃ4ýöß$ﬀß dcEý¶ßNýõEý¶ß`	¶ß$ﬀ2ß uFý¶þ_ß~ýﬁﬀþ	þ2ßﬀ
 pßý¶ß
VýﬁkﬀßFﬀößù×ß ýﬁN	
$
$ù`ùý¶ßý¶þ_ßöF÷Êﬁﬂ8ß
OýﬀﬁùÕ?ýöþŁß) pßý¶ß
OýﬁkﬀÅù pß$ﬀÃý¶ß×ýú
	kﬀ½ý¶þ_ß^ßW
$ß
eý

$	
$ùcEýﬁ	kŁß©þkÀýﬁ	

e	ù ý<Äkﬀfý¶þŁß	þ	ùcﬀ
$	ﬀﬀ¶ßýﬁ		qöF÷QﬀõLýdý¶þŁß
	
$k pß	ú
­Y®h®
#h¯°]Ł%±°]¯q²l¯³6´¶µ$#&%~·('6¯u° ¯`#°w¯©³Łk¯^²~µ$*o¯k¸S°
 ! 
¹
ÜL14æëW14ã7ä7àdëWÛ2àFã¨ÜÚ2ÕâS1kã7âkßFlF0ªà!6ÜÚ71QÛ(ê7576êàFÛÜLÚ)0íÕâS1Sã7â	ß¨àFánÜÚ)âkà!6ëÏFÛ
ä	ÜS6æ14ãSä¨áà!6ÃÏëW14äÏã7äFÏã%ÏF66àdëéÜL14æëW1Qãnä7àdëàFá
Ð
¹
º
ã7ÛUÏFã7äF¹
º
ãnÛﬀ6SÛêﬁkâkÜ14ì
kÞ4ßFl
0ªà!6WÜLÚUâkà!6FÏFã~1Qã
è
ÝﬂaÏFæﬃ2Õâk1kã7âkß|àFá
º
l 
Ð"!
Ú%ÏFÛÝﬂﬀkãwæ4ÏFÛ5n6Sä+ÏÜ
 
l
Ð"#
$%fÏÛ
âaÏãÝﬂÍÛ&SãU14ãU02143!576'¹ql

l)(Íà!æê%ÏF6'Sä¨ëW14ÜLÚ¨ÜLÚ`6kÛ57Þ·ÜLÛÅá6à!æBÜÚ)Û1QæU5nÞáÏÜ1Qà!ã7ÛÏã7äÜLÚ*
âaÏÞQ1QÝn6KÏÜSä
è
Ûà!576âﬀuæ4ÏFÛ576'SæSã@ÜLÛòg021Q3F576u­7l+FîWÜLÚ*U1Qã
è
Ýﬁ4ÏFæ,ÕâS1Sã7âk1kÛÏF6iÏÞQæà!ÛÜ
¹
º-!
Þ4àdë.k6`ÜÚ%ÏFãÜÚÛ1QæU5nÞáÏÜSäÕâS1Sã7âk1SÛkl9mÚ*SÛÞQà!ÛÛSÛ`âaÏã7ã7àFÜÍà!ã7Þ4ßUÝﬁcÏÜÜ614Ý75nÜkä
ÜLà[Ïpæàqä757ÞëW14ÜÚÔ6'Sä75nâﬀSä/ÕâS1Sã7â	ß10à!62kì3Sã@ÜLÛâaÏF57Û'SäÔÝaßé3!ÞQ1·ÜLâIÚkÛ
x
ëWÚ714âIÚÕâ4ÏFã
6kä757â&ÜÚ2ÕâS1kã7âkßpàáÍÜLÚ*kÞSâ	ÜL6à!ã71QâkÛSlmÚ	ßpäSæà!ã7Û$ÜL6AÏÜ)Ú7àdë42Â9âﬀkÛÛUæLÏÜS61DÏFÞ
1Qã\ÜLÚUÜKÏF63
	Ü}âIÚ%ÏFæÝﬁk6ﬀ<14ã|ÜLÚ714ÛâaÏÛUÜLÚ*UÜEÏF63
kÜÚ7à!ÞQä*S6ﬀÜLÚhâIÚ?ÏFæUÝﬂS6ëÏFÞQÞUÏFã7äwÜLÚ*
Û14ÞQ14âSà!ã614ã73ä	ÜkâkÜLàF6ﬀnâ4ÏFãtâSàFã7Û14äS6AÏFÝ7Þ4ß6'Sä757â&ÜLÚ*àdì
S6AÏFÞQÞ
¬ªè
ä	ÜkâkÜL14à!ã52Õâk1kã7âkßàFá
ÏFã62Â9êﬂS61QæSã@ÜEÏFÞÛ'kÜ57ê<l
{âSàFæê%Ï61QÛà!ãXàFáaÜLÚ`0í72ÕâS1kã7âkßXàá9ÜÚâSà!6'áà!6Ïã%ÏF66àdëÏFã7äÏëW1Qä*`âkà!1QãnâS1Qä*Sã7â&
ëW1Qãnä7àdëÕ6'kì
4ÏFÞQÛ&!Ú7àdëÔÛÜL6à!ã73ÜÚW0í82Õâk1kã7âkßh14ãÜLÚ*9Sãk63Fßh6AÏFã73
ÍÝﬁkÞQàdëﬃ¹
ºﬁº;:
$
äkêﬁkã7ä7ÛUà!ãÜLÚÎëW1Qä9ÜLÚ¬àáÜLÚâSà!14ã7âS14äSãnâﬀÎëW1Qã7ä7àdëXl]0ªà!6Ïvì
k6ßoÛæLÏFÞQÞâkà!1QãnâS1Qä*Sã7â&
ëW1Qãnä7àdëBÜLÚ¨ÞQàdë
è
Sãk63Fß02í`<2ÕâS1kã7âkßv14Ûän6KÏFæLÏÜL14âaÏFÞ4Þ4ßäkâS64ÏFÛkä<lmÚ6'aÏFÛà!ãváàF6
ÜLÚn1QÛÝﬁkÚ%Ï>ì914à!576W1QÛcÏä*SÞáÏ>ßàFá]ÜLÚXÜL14æ14ã73ÎÛ143!ã%ÏFÞâ4ÏF57Ûkä~Ý@ßÜLÚ=(0

l57ÞQÛ'SÛNëW1·ÜLÚHÏ
ÞQàFã73\61QÛ'ÎÜ1QæÏFã7äQÏvÛæLÏFÞQÞ2êﬁ4Ï
:
ÚS143!Ú@ÜuÜKÏ
:
Îì
k6ßoÞQà!ã73tÜà|Û5n6ê%ÏFÛÛuÜÚÜÚ76kÛÚ7à!Þ4ä
ÜLÚ*=(0

ã&Sä7ÛWÜLàÎÛ'Sê%ÏF6AÏÜ¨Û143!ã%ÏFÞá6à!æ ã7à!1QÛ'Fl
{ÛÏFÞ4ÞâSàFæêà!ãkãaÜÛÎàFáNÜÚ62Â9êﬂS614ækã@ÜEÏFÞÛ'kÜL5nêqÏF6'tê76kÛSã@ÜSä>`14ÜÎ14Ûhã7àdë êàFÛÛ14Ý7Þ
ÜLàvê76à9â&ﬀSäëW14ÜÚÜÚÎ6SÛ57Þ4ÜÛuàáÍÜLÚ*Â9êﬁk61QæSã@ÜSlÅ{ÜÁª6ÛÜﬀ(ÜÚ

à!ê7ê7ÞS6}âSàF66kâkÜ1Qà!ã>
ëWÚ714âIÚçâ4ÏFã Ýﬁ`ÏFâIÚn1kì3Säç1Qã@?í

è
ª

ÎÖ(
íA2Â9êﬂS614ækã@ÜLÛÎ57Û14ã73~ÜLÚ*
#`ªe«cªB
{
ÖÃÖ
¬ªè
ÛêﬂSâ	ÜL6à!æ	Ük6ﬀëW1QÞQÞÝﬂän1QÛâk57ÛÛ'Sä>ÜLÚkã|ÜLÚ*Ý%ÏFâ
:
3!6à!57ã7ä|Û57ê7ên6SÛÛ14à!ã>ëWÚn1QâIÚ~â4ÏFã~Ýﬂ
à!ÝnÜKÏF1Qã*Sä¬Ý@ßCSæê7Þ4àßq14ã73vÜÚ5?í

è
ª

Î6ÖÅ
í{D(ÅëW1QÞ4ÞÝﬁê76kÛkãaÜSä> Áªã%ÏFÞ4Þ4ßwÜLÚ*
êﬂS6áàF6æLÏFã7âﬀNàFá<ÜÚê%ÏF6$ÜL14âSÞä	ÜSâ	ÜLà!6Ûã&SäkäáàF6`ÜÚä	ÜS6æ14ã%ÏÜ1Qà!ãàFá(ä71\¿Ek6Sã@Ü1áÏFÞ
âS6à!ÛÛÛkâkÜ1Qà!ã7ÛëW14ÞQÞ&ÝﬂXäSên1QâkÜSä<l
F$ﬃHGﬂIKJL NM>OKPQPß½þ_ß$ﬀößfý¶þŁß2ﬁ	ß(
$ﬀﬁýd×ý		ﬀ¶ß½ßﬂﬃIýß @ßkRIﬀýﬁ	Íﬁý¶þŁß ßW
etß$
eýÍTS'UWV
þk<8ß>ß$	¶ß$ﬀ2ß YX ûfþ&Zﬀ[\
]
ß	ú þúL	

ec pß$4ý	2ßß
Oýﬁﬀc
 ýöß$ﬀﬁ ß$ﬀöß$
ß	ký¶þŁß	ﬃ`ﬂIÀß$ﬀ9ﬃŁßn dùŁßýﬁ2gý
Øþþ]cﬀþ2ß pß'Sc
Vß$ú
 ! 
 "c»Ł° ¯k²
­Y®
°]¯q²l¯³6´¶µ$#&%~·('6¯¼° ¯)#½°¯³}Łk¯k²lµ$*o¯k¸i°
^"_&` a7bdc2eWfﬀghfjijfk>l mnkWoqprfﬀbde s-tu vxwzy|{ﬁ}mC~< w w6{

bdufj b5kRe
WOÑ ŁdY]¥ Ó¥¥N&¡'
´ã
#

«

B
{
ÖÃÖ
ÜÚXäkÜSâ	ÜLà!6ÛÏF6'¨êà!Û14ÜL14à!ãkäì3S6$ß\âkÞQà!Û'}ÜLàÎÜLÚXÜEÏF63
kÜSlª{ÜÞáÏF63
}6
è
âSàF1QÞì
kÞQàqâS1·ÜL1kÛ

à!ê7ê7ÞS6}Ý76à.ÏFäkã71Qãn3\14ÛÜLÚk6káàF6âSà!ã7Û1Qäk6KÏFÝnÞ3Ïã7äoÜÚhëW1QänÜÚoàFá)Ï

à!ê7ênÞS6Ýn6à.ÏFä*Sãkä~êﬁ4Ï
:
3!6àëWÛWëW14ÜÚvÜÚ¨Ûà!Þ41Qä`ÏFã73!ÞXâSàdì
k6Sä|ÝaßHÏÎÛ14ã73!Þ}ä*kÜkâkÜà!6
æà9ä75nÞFl
´ãUà!6äS6ÅÜLàH2ÂhÏFæ1Qã`ÜLÚ)âaÏFê%ÏÝ71QÞ414ÜL1SÛàFáªÜÚÍÛ'S3!æSã@ÜSäh3
k6æLÏFã71Q5næBäkÜSâ	ÜLà!6Û©ÏFã7äÜà
ä	ÜS6æ14ã6kÞQ1áÏÝ7ÞÞ41QãëW14änÜLÚ7Û&dÜLÚ â ò0

0
y
î$êu6aÏâkÜL14à!ãXëW14ÜLÚnà!5nÜÅê%ÏF6$ÜL1QâkÞ1Qã9áà!6æLÏ
è
ÜL14à!ãëÏFÛW57Ûkä=ÏFÞ4ÞQàdëW1Qã73rÏhÚ71Q3!ÚÝﬂaÏFæ 1Qã@Ükã7Û1·Ü´ßtàFáÅ­
º
ê7{ òSÞkâkÜ61Qâ4ÏFÞ9âSà!66kÛêà!ã7ä714ã73
ÜLà
Ð*
 
ºFy
ê7ê7ÛLî	l´ã¬ÜLÚMÏFã%ÏFÞ·ßqÛ1QÛXÜLÚ*Ûâ4ÏÜÜS614ã73=Ïã73!ÞàFáÜÚ
0
y

àá57êéÜLà9lt¹3uëÏFÛ
ãk3!ÞkâkÜkä<lÅ{âSâkà!57ã@ÜL14ã73\áàF6rÏFã8Sãk63FßÞ4à!ÛÛ¨àFá
 
º-!
1QãÜLÚÎÜEÏF63
kÜrÏHãÕàFánlt¹
!
ëÏFÛ
57Û'Sä\áàF6ÜLÚ

à!ê7ênÞS6ÍâSà!66Sâ	ÜL14à!ã<l
´ã~ÜLÚ*%2Â9êﬂS614ækã@Ü}14ÜNë)ÏFÛã7àFÜ}êà!ÛÛ1QÝ7ÞuÜàêàFÛ14Ü1Qà!ãvÜLÚ
#

«

B
{
ÖÖ
æà9ä75nÞSÛWëW14ÜÚ
ÏFãHÏFâSâk576KÏâkßàFá2Ýﬁ	ÜÜk6ÜLÚ%ÏFãHÏhákëBæ1QÞ4ÞQ14æ	ÜS6ÛÏã7ä>7ëWÚkã\ÜLÚ*uä%ÏÜEÏUë.k6rÏFã%ÏFÞ·ßQ&Sä>
ÜLÚ*%Sãk63!1SÛ}àFá^ÏÞQÞ

à!ê7ê7ÞS6
è
âSà!66kâkÜkä 
è
ÞQ14ãSÛNê76àdì3SäwÜLàtÝﬂÜLàqàÛæMÏFÞ4Þl´ãwà!6äS6Üà
à!ÝnÜKÏF1Qã\âSà!66kâkÜXêﬂaÏ
:
êà!Û1·ÜL1QàFã7ÛﬀÜLÚêà!Û14Ü1Qà!ã7ÛàFáÜÚU3
k6æLÏFã71Q5næ äkÜSâkÜà!6Û}5nÛSäp14ã
ÜLÚ*oÏFã?ÏFÞ4ßqÛ14Ûên6à!3!6AÏFæ ÜÚS6'káà!6'|Ú%ÏFäçÜLàÝﬁvÛÚn14áÆÜkäÕÝ%Ïâ
:
ëÏF6ä7Ût1Qãçê%ÏF6AÏFÞQÞSÞÍÜàoÜLÚ*
ÝﬂaÏFæ ÏŁÂn14Û}Ý@ß8tææäÏã7äQ¹tææï6kÛêﬂSâ	ÜL14ì3SÞ·ß!lmÚÛÚ71·áÆÜXÝ@ß8tææïâkà!66'SÛêà!ãnä7Û¨Üà
Ï\êà!Û14ÜL14à!ã714ã73tàFáÜÚä*kÜkâkÜà!6FÏÜrÏFãÔÏFã73!Þàá¡CÈ¢mÍ
°}±
 
ﬀÜÚÛÚ714áÆÜ¨Ý@ßÔ¹vææïÜLàoÏFã
ÏFã73FÞÎàFá¡CÈ¢mÍ
°}±ﬁÐ
Sl(mÚêà!Û1·ÜL14à!ãpâSà!66Sâ	ÜL14à!ão14ãÜÚÏã%ÏFÞ4ßqÛ1QÛXê76àF3!6KÏFæ ëW1QÞQÞkÏÞQÛàvÝﬂ
ãkâﬀSÛÛKÏF6$ßwáà!6
#

«

B
{
ÖÖ
57ã7ÞSÛÛÜÚhä	ÜSâ	ÜLà!6Ûuâ4ÏFãpÝﬁhêà!Û14ÜL14à!ãkä|ëW14ÜÚPÏãPÏâSâS5
è
6KÏâkßàá]ÝﬂkÜÜk6ÜLÚ%ÏFã
 
Wä*kìq1áÏÜ1Qà!ãÝﬁ	Ü´ë.&SãÜLÚ}6'aÏFÞ½Ïã7äÜLÚÏÛÛ5nækäHÏŁÂn14ÛÍá6àFæ ÜLÚ*
ÜEÏ63
	ÜÜLàÜÚhäkÜSâ	ÜLà!6kl>õánÏêà!Û14Ü1Qà!ã\âSà!66Sâ	ÜL14à!ãw1QÛã*SâﬀkÛÛAÏF6ß3(ÜÚUâkà!66'SâkÜXä*kÜkâkÜà!6
êà!Û1·ÜL1QàFã7ÛÚ%Ï>ì
ÜàÝﬂä	ÜS6æ14ãSä1QãMÏFã1Qã
è
ÝﬂaÏFæ æaÏÛ576'SæSã@ÜÍëW1·ÜLÚ
:
ã7àdëWã5 
è
Þ41QãkÛSl
Ä 14ÜÚ7à!5nÜnÏFã@ß1Qã@ÜS6ã?ÏFÞêà!Û14Ü1Qà!ãÎ1Qã9áà!6æLÏÜL14à!ã>IÏFã£kãS63Fß6SÛà!ÞQ59ÜL1QàFãàFá<à!ã7Þ4ß
 
Ð
l
:
$
âaÏã|ÝﬂÏâIÚ71	ì
Sä\áà!6ÜLÚ
0
y

Þ41QãÏÜ­-nl 
:
&$%jÏFÛWâaÏã|ÝﬂuÛ'ﬀSã|1Qãv021Q3F576¹9l
²
lªmÚ714Û
ëW1Qä9ÜLÚt1QÛÏFÞQ6'aÏFä9ß6'Sä757â&SäÜLà29l
²=:
&$%?ÏFÛÛàqà!ã,ÏFÛÜÚ6ÏFãn3!ÞÏFÞQ3!àF614ÜÚ7æ ëW14ÜÚ7à!5nÜÛS3
è
æSã@Ü`ê757ÞQÛ'
è
ÛÚ%ÏFêﬂcÏFã%ÏFÞ·ß9Û1QÛ

òﬁ

{î14Û^ÏFê7ê7Þ41SähÜà¨ÜÚNÛ'S3!æSã@ÜSãk63Fßê%ÏÜÜk6ã<l¤õáfÏFã
¥¦aß$þk)ß$4ýg÷Êﬂùc×ß$÷Ê¶þ	ﬂ8ßý>ﬁc<	<ýý2ßýÅL	ﬃcß2ﬃýöþ(ß	ﬁùﬀöß$)ß$4ýú
§¤¨+©1¨
«ªR¬}#Q­®.­¯°­ﬀ±²B%´³Dª«µ·¶¸­$#<%9¯Å'·ª/ª«µ}Ł¹ª¹³D­$*7ª¹º2±2#
 ! 
²
1000
2000
»
3000
¼
630
½
635
½
640
½
645
½
650
½
655
½
660
½
all_hexrad26¾
Co
un
ts
 / 
ke
V
measurement
strng1¿
GEANTÀ
simulationÁ
Energy [ keV ]
0
Â
2000
4000Ã
6000
½
630
½
635
½
640
½
645
½
650
½
655
½
660
½
ÄNÅÆ
Ç76È9l
²
8Â%ÉÊÌË	O@PÉSRÊabR2ËIV+Í¨O@ÁÎÊjÏÉSR6ÐRÑ*Ò-Ò@Á ÉP
¾
Ñ@PPÉ
¾
ÏLV ÑnbYÓÑaPﬁÏÕÔÌÉ
0
yÖ
ÁÈVcbÌÉ;ÊjÏ`Ç3×@ÇnjØÙÉ&Ú
ÊjÏNÊÏÊPÊÀ3É&Ï]RnVÎËÏÊab
¾
É9Ñ3Ó(id×7jÈÇ
¾
ÍuÌ
ÛÜ}Ç7jÈÑ
!
Ì)Ê@bRY¡Ý¢ßÞÜ·à!×3ÏáànijLÒkj)âÔÌÉÍHÉÊÌË	O@PÉSRd 
Y
ËIVcbÀnÁ É
ËÒ
É
¾
ÏIPO-ÍÕTRÊãËNÊ
¾k¾
O-Í¨O@ÁÎÊjÏÉSRUVcbDàYÔÌÑnO@PäË
K
ÉﬀÊ¤ÍDÏLV+ÍHÉ)TWV ÏÕÔHÊ@bVcbjÏÉbÌËIV ÏgfDÑ3Ó×@×Ò
^
ÏåÉÁ É
¾
ÏIPgV
¾
ÊaÁÌ
¾
Ñ@PﬁPäÉﬀËÒ
Ñ9bRnVcbÀÏÑuÐ
æjç!y
Ò-ÒÌËLÒ	j¤âÔÌÉ·ÙVbÌÉ)ÍÊÌÏLV
¾
ËWÑ3ÓEÏÕÔÌÉÏIPßÊ@bÌËÓÉPÅPäÉÊ
¾
ÏLV ÑnbTRÊãËOÌËÉSR=ÓÑ@PÏÕÔÌÉ
ÐRÑ*Ò-Ò@Á ÉP
¾
Ñ@PPÉ
¾
ÏLV ÑnbaÌTÓÑ@PKÏÕÔÌÉèÍHÉÊÌË	O@PÉ)ÍHÉbjÏËÏÕÔÌÉË
¾
ÊjÏÏÉPgVcbÀ5Ê@bÀnÁ ÉYÑ)Ó
0
yÖ
T¹ÊÌËbÌÉSÀnÁ É
¾
ÏÉkRªÌ
ÓÑ@PLÏÕÔÌÉYËIV+Í¨O@ÁÎÊjÏLVÎÑ9bÌËV ÏT¹ÊÌË}Vb
¾
ÁﬃOR-ÉSRj
Ð¹ÊÌËÔÌÉkR\ÁﬃVbÌÉ
é>ÐRÑ*Ò-Ò@Á ÉP
¾
Ñ@PﬁPäÉ
¾
ÏLVÎÑnbuTV ÏÕÔÌÑnOjÏ9Ê@bÀnO@Á ÊPVcbjÓÑ@PÍÊjÏLVÎÑnb=Ñ3ÓÏÕÔÌÉdËÉSÀ*ÍHÉbjÏËkj
ÐRÑ3ÏÏÉkR\ÁﬃVbÌÉ
é>ÐRÑ*Ò-Ò@Á ÉP
¾
Ñ@PﬁPäÉ
¾
ÏLVÎÑnbOÌËVbÀËÉSÀ*ÍHÉbjÏNVcbjÓÑ@PÍÊÌÏLV ÑnbÑnb@Á fSj
Ö
ÑnÁÈV¿RÁﬃVbÌÉ
é>ÐRÑ*Ò-Ò@Á ÉP
¾
Ñ@PPÉ
¾
ÏLVÎÑnbOÌËIVcbÀ
K
Ñ)ÏÕÔ=ËÉSÀ*ÍHÉbjÏ9ÊabRPßÊRnVcOÌËVbjÓÑaPåÍ;ÊjÏLVÎÑ9bqj
æ
æjê ëH¬Ł;±ª¹³
§¤¨
±]ª<³Dª«µ·¶å­ìEí¯Lî·ª±ªì°±´ª«µ}Ł¹ª¹³D­ï7ª¹º2±
ð
ä7ä*Å4ÜÅ4à!ã
ð
Þ6
ð
äÅÇ7Û°Å4ãnáà!6æ
ð
ÜÅQà!ã  äk6Å4ì3Sä¨Ý@ßÜLÚÛ$ÜﬀkêﬁkÛÜ
è
ÛÞ4à!êﬂ
è ð
ÞÆ!à!6'Å4ÜÚ7æñÅQÛ°Ç7Û'Sä>dÜLÚ*
ëÅQä9ÜLÚâ
ð
ãÝﬂáÇ76ÜÚS6Sã7Ú
ð
ã7âﬀkätÜLà2nl 
:
&$Ul9{ÜÜLÚ*ÅQÛ.kãS6'ÆFßÜLÚHÅQã@ÜL6'ÅQã7Û'ÅQâ6SÛà!ÞÇ9ÜÅQàFã
ÅQÛ
æ
l
²;:
$%qÛàXÜLÚ
ð
Ü
ð
ã
ð
â	ÜÇ
ð
Þ

àFê7ê7Þk6Ý76à
ð
äSã*ÅQãÆ¨àFá°9l
ç·:
$òÅ4Ûà!ÝnÜ
ð
ÅQãkä<l@{Þ4ÞQàdëÅQãÆ
áà!6
ð
6
ð
äÅÇ7Û;Ç7ãnâﬀS6$Ü
ð
Å4ã@Ü´ß~àFá.óYÈææ ÜLÚ2ô¨íRõ
«Dö
Û'ÅQæ%ÇnÞ
ð
ÜÅQà!ãnÆ
Å4ì3SÛ}Û'ÅQæÅQÞ
ð
66'SÛ'Ç7Þ4ÜÛ
ò
æ÷*ø
È
:
$%W
ø÷C:
&$=È
ø

:
&$}î
ø¹ö
Ú\äÅùﬁS6'Sã7â&SÛÝﬁ	Ü´ë.&SãñÜLÚ*\Û'ÅQæ%Ç7Þ
ð
ÜÅ4à!ã
ð
ãnäÔÜLÚ*
æ
ð
Û'Ç76kækãaÜÛ
ð
6'uên6à!Ý
ð
Ý7Þ4ßäÇ*uÜLàÜLÚuÛâ
ð
ÜÜS6Å4ãÆàá2ÜLÚ*ê76àãú'Sâ	ÜÅQÞuàá«Ç7ê|Üà"
ø
È3
ø
õ ÛÅ4æ%Ç7Þ
ð
ÜÅQàFã%ÅQã7âkÞÇ7ä*ÅQãÆÜÚWÛâ
ð
ÜÜk6Å4ãÆ
ð
ãÆ!Þ6SÛ'Ç7Þ4ÜSäÅQãÎäÅùﬁS6'Sã7â&SÛ`àFá>û
ç*øüæD:
&$
ø
õ
áÇ7Þ4Þ&êÇ7Þ4Û}Û'ÅQæ%Ç7Þ
ð
ÜÅ4à!ã£Å4ã7âSÞÇ7äÅ4ãÆUÜLÚ}Ý
ð
ÛÅ4â
ð
ãÆ!Þ
ð
ÞÆFà!6Å·ÜLÚ7ænaêÇ7ÞQÛ'
è
ÛÚ
ð
êﬂ
ð
ã
ð
Þ4ßqÛÅ4ÛàFá
ÜLÚ*u6
ð
äÅÇnÛﬀ
ð
ãnä|êÇ7Þ4Û
è
ÛÚ
ð
êﬁ
ð
ã
ð
Þ4ßqÛÅ4Ûáà!6
ð
ãÆ
ÇnÞ
ð
66'&ýªãkækã@ÜÚ
ð
ÛÝﬂﬀkã|êﬂS6$áà!6æSä
ø
Äª6à!æ ÜLÚÅ4ÛÛ'ÅQæ%ÇnÞ
ð
ÜÅQà!ã
ð
ãnSã*S6Æß\6'SÛà!ÞÇnÜÅQà!ã
ð
áÆÜS6

à!ê7ê7ÞS6âkà!66'SâkÜÅQà!ãvàFá
÷Qø

:
$þÅ4Û
äk6Å4ì3Sä>*Å4áÜLÚ*¶TÅÆFÚaÜÍäÅQ6'Sâ	ÜÅQàFãàFáÜLÚ*; 
è
SæÅ4ÜÜÅQã*Æuã¤Ç7âkÞﬀÇnÛ9ÅQÛ.ß
ð
âkÜÞ4ß
:
ãnàëWã
ø
õBÛÅ4æ
è
Ç7Þ
ð
ÜÅ4à!ãëWÚÅQâIÚnÅQãnâSÞÇnäSÛÜLÚ*YÇnã
:
ã7àdëWã|Ûâ
ð
ÜÜS6'ÅQãÆàFáÅÜLÚXê76àãú'Sâ	ÜÅQÞß1ÅSÞ4ä7Û
ð
ãnSãk6ÆFß
6kÛà!ÞÇnÜÅ4à!ã
ð
áÆÜk6

à!ê7ê7ÞS6}âSàF66kâkÜÅQà!ãàFá­
øc²":
$%ÅÚ7àdë.	ì
S6uÝàÜLÚpì
ð
ÞÇkÛ
ð
6'èÇ7ã76
ð
Þ
è
ÅQÛ$ÜÅ4â3
ð
Û)ÜÚÅ4ã@ÜL6Å4ã7ÛÅ4âSãk6ÆFß6kÛà!ÞÇnÜÅ4à!ãàáÜLÚNæàqäÇ7ÞWëÅ4ÞQÞªÝﬂã7àÞQà!ãÆ3S6`ãﬀÆ!ÞÅÆ
Å4Ý7Þ
ø
W $ Õ¦¥ﬂ§dX¢ N§·d¨¥T'9
ö
Ú)Ý
ð
â
:
Æ!6à3Ç7ã7äUÛ'Ç7ê7ê76'SÛÛ'ÅQà!ã
ð
âIÚÅ	ì
käëÅ4ÜÚuÜLÚ*.?í

è
	


íﬁõD(¬Ú
ð
Û]ÝﬂﬀkãUä
è
Ük6æÅQãkäÝ@ßÅQã@ì
kÛÜÅÆ
ð
ÜÅQãÆ¨ÜLÚ 

ò¸0ﬁ0nî$ê6'
ð
â	ÜÅQàFã
ð
Ü
ð
ÞQàdë Å4ãaÜSã7Û'Å4Ü´ßàFá
æjç
ê7ê7Û
ø
ö
Úh6'SÛÇnÞ4ÜLÛ}àáÜLÚkÛÎæ
ð
ÛÇn6SæSã@ÜÛ
ð
6%Å4ÞQÞÇ7ÛÜ6
ð
ÜSä7Å4ã ÄNÅÆ
Ç76%È
øê*ø
õNÛ}â
ð
ãwÝﬂhÛ&Sã
ÅQãÜLÚ6
ð
ë Æ3S6æ
ð
ãÅÇ7æ ÛêﬂSâ	ÜL6Çnæ qÜLÚä*ﬀß9â&Å4Ü
ð
ÜÅQàFã£ 
è
ÞÅ4ãàFá(ÜLÚý76ÛÜß9âﬀÅ·ÜSäÛ$Ü
ð
Ü
àFáK0êàFêÇ7Þ
ð
ÜSä"Å4ãÜLÚ

ò¸0ﬂ07îeê6
ð
âkÜÅ4à!ã"ÅQÛÚ
ð
6ä7Þ·ßì1Å4ÛÅQÝnÞÝﬂkÜ´ëﬀkã\ÜÚ}ÛÚ
ð
6ê
ã
ð
ÜÇ76
ð
Þ<Ý
ð
â
:
Æ!6à
Ç7ã7ä\êﬁ
ð
:
Û
ø
ö
ÚkãpÜÚ

à!ê7ênÞS6NâSà!66kâkÜÅ4à!ã~Ú
ð
Û}Ýﬁ&Sã
ð
ê7ênÞÅkä ò¸Å4ã|ëWÚÅ4âIÚpÜÚUÛâ
ð
ÜÜS6'ÅQãÆ
ð
ãÆ!ÞuàFá
ÜLÚ*
0
Ú
ð
ÛÝﬂﬀSãÎã&Æ!ÞkâkÜSäî
ø
ÚÅQÞ)ÜÚëÅQänÜÚhàFáÜLÚä*ﬀß9â&Å4Ü
ð
ÜÅQàFã% 
è
ÞÅ4ãÅ4ÛÛÜ6à!ã*Æ!Þ4ß
6käÇ7â&Sä>ÛàhÜÚ
ð
ÜÜÚXÞÅQã*ÝﬁkâSà!æSÛæà!6'ê76àFæÅ4ãSã@ÜqÜLÚXã
ð
ÜÇ76
ð
Þ<Ý
ð
â
:
Æ!6à
Ç7ã7ävÞÅ4ãSÛ
ð
6'hÝ76à
ð
äSãkä
øLö
Ú
ð
ÛÛ'ÅÆ!ãnækãaÜ}ÜàäÅùﬁS6'Sã@Ü¨ÛﬀÆFækãaÜÛXà!6}Û&Æ!ækã@Ü
ð
ÜÅQà!ãpÞÅ4ãSÛ}6'SÛ
è
Ç7Þ·ÜLÛ=Å4ã
ð
ä7à3Ç7Ý7Þ
è
Ú¤Ç7æêﬁkäéÛÜ6Ç7â	ÜÇ76'tàFáÜLÚ*Ý
ð
â
:
Æ!6à
Ç7ã7ä ÞÅ4ãSÛ¨â
ð
Ç7ÛkäçÝ@ßoÜLÚá
ð
ÞQÛ'

à!ê7ênÞS6âSà!66Sâ	ÜÅ4à!ã
ø>ö
ÚÎÛÚ
ð
6êpäÅ4êwÝﬁ	Ü´ë.&Sã¬ÜÚhÚ¤Ç7æê7Û
ð
ÞQÛàt6	¶TSâ	ÜLÛXÜLÚh6'SäÇ7â&Sä
ﬀâ&ÅSãnâkß6ÅQãtÜÚXâﬀSã@Ü6¨àFá]ÜÚXäkÜSâ	ÜLà!6ÜLÚ
ð
ÜDÅQÛâ
ð
Ç7Ûkä|Ý@ßÜLÚ*¨âkà!6XÚ7àFÞ
ø
ﬁûﬃﬂ "!$#% &ﬃù('&*),+.-ﬀ!0/1#20&3-)546#ﬀ'7-)(8ﬃýù('09%5&3)520ﬂ &:';/<=#'ﬁù !09/<	)>2ß?+.-ﬀ!@#8*8-20ﬂ 9!@'0AB=C2D!D##ü(EF=%
!$#%,&ù('G-+IHdú UC	/J4ﬃ#'G#'D'ﬁù /<9%@ßK#ﬀ'20ﬂ 1!$#%,&ù('G%,	20	!D/<&*)B#20&3-)L4ﬃ#'G-)(8ﬃýM##&*8:#N 83@+.-!20ﬂ 19) 	!þ	ý
!D$þ&3-)NB	2O4P9	)QU&U;Rﬀ	S#)B%TUU@R9S`ú¤U'0	'09C20&3-)WVúXH
§¤¨+©1¨ZY
ªR¬·ìQ­®.­¯°­ﬀ±²òí
Y
³Dª«µ·¶¸­ì>í9¯Kî·ª/ª«µ[¹ª¹³D­ï7ª¹º2±Nì æ
æ>±
0\
1000
2000
3000]
4000
500^ 550^ 600
_
650
_
700 750 800
`
0
\
1000
2000a
500^ 550^ 600_ 650_ 700b 750b 800`
0
\
200
400c
500^ 550^ 600
_
650
_
700 750 800
`
Original2
raw d ge -single
37S (3/2)f -
646 keVg
Original2
Doppler correction
Background subtraction
Original2
Doppler correction &
beam coincidenceh
Original2
Doppler correction &
beam coincidence &h
PPAC coincidence
Co
un
ts
 / 
2 
ke
V
Energy [ keV ]
-50
0\
50^
100
150
500^ 550^ 600
_
650
_
700 750 800
`
ÄNÅÆ
Ç76È
øê
83 jiËÒ
Éﬀk&ÏlßÊDÑ3ÓÏÕÔÌÉ
,monå0
Ö6p
0
Örq
ÒläÉﬀÊ(kÏtsÎÑuDÓÑ?lÑuÌÉ<v
É(lÍÊKuws3x-ÍòÍÑzyrx?{ É
n
ÏÊBl|v
É&Ï
ysÎËÏÊ?u kﬀÉ},~rWkãÍ
p
¡Ý¢ßÞÜdà}j
q
ÊjÓßÏÉBlÊ
ÉﬀÊ¤ÍDÏts+ÍHÉÑ3ÓP=ÔÌÑx?lËs ÏÕÔHÊ?us3ujÏÉBuÌËs ÏÑ)ÓŁ}F~

Ò-ÒÌËﬀ
âÔÌÉ«ÏÑ*Ò.ËÒ
Éﬀk&Ïl0x-Í/ËÔÌÑFË>ÏÕÔÌÉläÊ  jiËs:u v{ ÉRËÒ
É>kÏlDx-Ís ÏÕÔ"uÌÑkﬀÑs3u k(sXy-É(u kﬀÉ&ËÊ?u yuÌÑYÐRÑQÒ-ÒFi
{ É(l1kﬀÑ?l0läÉ>kÏtsÎÑuz@.u"ÏÕÔÌÉË'ÉﬀkﬀÑu y@ÐRÑ*Ò-Ò?{ ÉBlUikﬀÑ?l0läÉ>kÏÉ>yC iáËs3u v{ ÉËÒ3É>kÏlDx-Í ÏÕÔÌÉ3×?CÙÉ&Ú{*s3uÌÉ
Ñ3Ó¹0
Ö
3É>kﬀÑQÍÉ&ËWwsÎËs:?{ ÉwŁãÑ?lRÏÕÔÌÉ5ÐRÑ*Ò-Ò?{ ÉBl7k&ÑKl0läÉﬀk&ÏtsÎÑuÏÕÔÌÉ%ÏläÊKuÌËÓÉBlÙ s:uÌÉãÍ;ÊjÏtsXk&Ë%ÔãÊãË
É&ÉBu
xÌËÉ>y
p
Ê£Û/Ñ3Ó<~*~wBÔãÊãËL3ÉﬀÉ(u"ÊÌË'Ëx-ÍÉﬀyÊ?u ynÏÕÔÌÉèË	kÊjÏÏÉBls:u v ÊKu v{ É2Ñ3ÓWÏÕÔÌÉ

Ö
ÔãÊÌËL
É&ÉBu
uÌÉ>v{ É>kÏÉ>yFouÊ(y?ys ÏtsÎÑuãÊ?{k&Ñs:u k sXy-ÉBu k&És ÏÕÔÏÕÔÌÉWÊ k>kﬀÉ({ É(lßÊjÏÑKlP"ws ÉB{ y-ËﬁÏÕÔÌÉ1s ÍÒ(läÑBÌÉ>ydÒ
ÉÊ-Ùi
ÏÑBi=ãÊ(kãÙ>vlÑx?u yläÊÌÏts ÑèÑ3Ó«ËÒ
Éﬀk&ÏlDx-ÍrâÔÌÉ
Ñ3ÏÏÑQÍAËÒ3É>k&Ïl0x-ÍzËÔÌÑFË9ÏÕÔãÊÌÏÏÕÔÌÉ=Ê y?ys Ïts ÑuãÊK{
kﬀÑzs:u k(s y-ÉBu k&És ÏÕÔ ÏÕÔÌÉwGwsÎÉ({ y-Ë2Ê?unÉﬀËË'É(ujÏts Ê?{3{ ãÊ(kãÙ>vläÑx?u yiÓläÉﬀÉ"ËÒ
Éﬀk&Ïl0x-Í5<ãÑ?lDÊK{*{
ËÒ
É>kÏlßÊ£ÏÕÔÌÉèËÒ
É>kÏlDx-Í ÊjÓßÏÉBl1ãÊ k)ÙﬀvläÑx?u y Ëx?jÏläÊ(kÏtsÎÑuZsÎËy-ÉãÒwsXkÏÉ>y7ÏÑ y-É)ÍHÑuÌËÏlßÊjÏÉnÔÌÑF
ÏÕÔÌÉ5ys ¡EÉ(läÉBujÏHËÏÉ)ÒÌË;Ñ3Ó1ãÊ k)ÙﬀvlÑx?u y6Ëx-Ò-Ò(läÉ&Ë'ËsÎÑuZläÉﬀyrx kﬀÉ%ÏÕÔÌÉãÊ k)ÙﬀvläÑx?u y"ËÏts3{3{kﬀÑujÏÊ?s3uÌÉ>y
s:uÏÕÔÌÉdËÒ3É>k&Ïl0x-Í5
æ ¢3ç ëG£H¬W[;±ª¹³
§¤¨
±Ł£ª<³Dª«µ·¶å­ìEí¯Lî·ª±ªì°±´ª«µ[¹ª¹³D­ï7ª¹º2±

Å¥¤=¦§¤t¦r¨
ð
Å|©ª«¤t¦¨ ¬ª!ê7êr­¥¨S65®ﬀª!669¨>®ﬀ¤Å|ªw¯§¤=¦r¨ ©r¨>¨ß®ﬀÅ¥¤
ð
¤Å¥ªw¯­Å¥¯r¨°®
ð
¯²±P¨³9¨Sê
ð
6
ð
¤=¨>©
«6=ª´µ¤=¦r¨±
ð
®¶¤Æ!69ª
Çr¯r©6·¸w¨¤¹ªw¯r­¥¸
ð
êº¨
ð
¶w»D¤tªB»$±
ð
®¶¤Æ!6=ª3Çr¯r©6
ð
¤Å|ª¼ª«
æjç?½
Å|³
ð
®¦Å|¨	ìw¨>©
ø
ö
¦r¨k6=¨ﬀ«OªF6=¨
ð
®>ª
Å¥¯r®ﬀÅ¥©r¨>¯®>¨LªB«¤t¦¨=Æw¨k6=´
ð
¯ÅÇ´¾³ÅÆw¯
ð
­<ëÅU¤t¦¤=¦r¨5¿DÄ²ª«G¤t¦¨
ð
®ﬀ®>¨ﬀ­|¨S6
ð
¤tªF6
¦
ð
³W±P¨ﬀ¨>¯w6=¨ﬀÀ¤ÇÅQ69¨>©
ø>ö
¦¨5±
ð
®¶¤Æ!69ª
Çr¯r©qÅ|³"¤t¦r¨ﬀ¯w6=¨ﬀ©Çr®>¨ﬀ©Á±K¸¼´ÂªF6=¨Ã¤=¦
ð
¯
ð
«
ð
®ﬀ¤tªF6Wª«È
ø
ö
¦r¨êP¨
ð
¶
ð
6=¨
ð
³Lª«<±Pª¤=¦Ä³êP¨ﬀ®ﬀ¤L6
ðð
Æ!69¨>¨ÎëÅ¥¤=¦Å|¯³9¤
ð
¤Å|³	¤Å¥®
ð
­7­Å|´Å¥¤t³ﬀ·EÅ
ø
¨
ø
¤=¦r¨°©¨ﬀ¤t¨ﬀ®ﬀ¤=ª!6
¨ﬀ®&Å|¨>¯®ﬀ¸6Å|³1¯ª¤6=¨>©*Çr®>¨ﬀ©¼±?¸¤t¦¨M±
ð
®¶¤Æ!6=ª
Ç¯r©|69¨>©Çr®¤Å¥ªw¯
ø
õW¯
ð
©©Å¥¤Å|ªw¯
ð
­P®ﬀª
Å|¯r®&Å|©r¨ﬀ¯r®>¨ëÅU¤t¦¤t¦¨;ﬂõ"ÅJ¦
ð
³1±P¨ﬀ¨>¯nÇr³=¨ﬀ©Z¤=ªªw±¤
ð
Å|¯«Ç76	¤t¦r¨k61±
ð
®¶w»
Æ!69ª
Çr¯r©69¨>©Ç®ﬀ¤Å¥ªw¯
ø
¬;Çr¨¤tªL¤=¦r¨W­¥ªë@¨S6@¨ﬀ®ﬀÅ¥¨>¯r®¸°ªB«ﬃ¤t¦r¨Wﬁõ"Å
ð
¤o¦*ÅÆw¦ê
ð
69¤Å|®ﬀ­|¨W6
ð
¤=¨>³ﬀ·
¤t¦¨vêº¨
ð
¶
ð
6=¨
ð
¦
ð
³¹³Ç*ùP¨S69¨>©Æ«69ªw´
ð
­|ª³=³ª«
÷
ç?½
·G¸w¨¤¹¤t¦r¨ ±
ð
®¶¤Æ!69ª
Çr¯r©/Å|³h69¨>©Çr®ﬀ¨>©
±?¸
ð
¯rªB¤t¦r¨k65«
ð
®ﬀ¤=ª!6ª«
æj÷*ø«ö
¦*Å|³h6=¨ﬀ©Çr®¤Å|ª¯´Å¥³5¨>À¤ÇÅ·ì
ð
­|¨ﬀ¯K¤¤=ª¤t¦r¨t6
ð
¤Å¥ªª«¤t¦r¨ ±º¨
ð
´
±Çr¯®¦Ç«69¨>À¤Çr¨>¯®ﬀ¸Áª«
æj÷*ø
È3 È  5¤tª¤=¦r¨hê
ð
6	¤Å|®ﬀ­|¨U6
ð
¤t¨Lª«
æç
 ê7êr³
ø°ö
¦Å|³´¨
ð
¯r³¤t¦
ð
¤
ªw¯r­U¸¹¨kì¨S69¸
æj÷
¤=¦°±º¨
ð
´±Ç¯r®¦"Å|³¹ýj­|­¥¨>©
ð
¯r©¤t¦r¨±
ð
®¶¤Æ!6=ª3Çr¯r©5 j»´6
ð
¸z³
ð
®>®&Çr´%Çr­
ð
¤t¨ﬀ©
ð
69¨
6=¨ú9¨>®¤t¨>©vë¦r¨>¯
ð
¯ ¨>´ê¤¸±º¨
ð
´É±Çr¯r®¦
ð
66'Å4ìw¨ﬀ³
ø
Äjª!6
ð
­¥­³êP¨ﬀ®ﬀ¤L6
ðdð
±
ð
®¶¤Æ!6=ª
Ç¯r©Â³'Çr±¤6
ð
®¤Å|ª¯¦
ð
³±P¨ﬀ¨>¯Îêº¨S69«OªF6=´¨>©
ø
ö
¦¨>³=¨±
ð
®¶1ÆF6=ª
Çr¯©»
³Ç±¤L6
ð
®ﬀ¤=¨>©Z³êº¨>®ﬀ¤6
ðð
6=¨³9¦rªdë¯¤=ªÎì1Å¥³Ç
ð
­Åﬀ¨W¤t¦r¨}ê*Ç76=¨±
ð
®¶¤Æ!69ª
Çr¯r©6·7ë¦Å|®¦nÅ|³<¤=¦r¨©Å¥«Ê»
«O¨S69¨>¯r®ﬀ¨±P¨¤´ëo¨ﬀ¨>¯Z¤t¦r¨W¤´ë@ª¹®ﬀÇ76$ìw¨ﬀ³DÅ¥¯¨
ð
®¦ ³êP¨ﬀ®ﬀ¤L6'Çr´
øö
¦r¨±
ð
®¶¤Æ!69ª
Çr¯r© ³êP¨ﬀ®ﬀ¤L6'Çr´¾¦
ð
³
±º¨>¨>¯Z©r¨k6Å4ì¨>©«6=ª´Ë¤t¦¨³
ð
´¨©
ð
¤
ð
Æ
ð
¤t¦¨S6=¨ﬀ©6Å|¯¤t¦¨
5Ì
º·

rÍeê6=¨
ð
®ﬀ¤Å¥ªw¯
ð
¤
ð
­¥ªë<»
Å|¯?¤=¨>¯r³'Å¥¤¸Çª«
æjç

ê7êr³5±?¸o6=¨ﬀÀ1Ç*ÅQ6Å¥¯Æ
ð
¯
ð
¯?¤Å.»®ﬀª
Å|¯r®&Å|©r¨ﬀ¯r®>¨ÎëÅ¥¤=¦§±ºª¤t¦Ç¤t¦r¨ﬂõ"Å
ð
¯r©
¤t¦¨
ð
®>®>¨ﬀ­|¨k6
ð
¤=ª!6¿HÄ@·¤t¦¨Xë@¨ﬀÅÆw¦?¤Å¥¯Æ«
ð
®ﬀ¤=ª!6<«Oª!6o¤=¦r¨³Çr±¤6
ð
®¤Å¥ªw¯ ¦
ð
³±P¨ﬀ¨>¯Z©r¨S6'Å4ì¨>©Z±K¸
6=¨ﬀÀ¤ÇÅQ6'Å|¯Æ¤t¦
ð
¤1¤t¦r¨³êP¨ﬀ®ﬀ¤L6'Çr´Î¦
ð
© ¤tª¹±º¨Ï
ð
¤
ð
¤1¤t¦¨ êºªw³'Å¥¤Å¥ªw¯ª«¤t¦r¨³	¤L6=ª¯Æw¨>³	¤"±
ð
®¶w»
Æ!69ª
Çr¯r©Ð­Å¥¯r¨
ÌOÑÒÓ
Í

øG
¦Å|­¥¨¤t¦r¨ ±
ð
®¶1ÆF6=ª
Çr¯©Ô©rªw´Å|¯
ð
¤t¨ﬀ³L¤t¦r¨6ýª69³9¤6
ð
ë Æ¨S6=´
ð
¯ÅÇr´
³êº¨>®¤L6'Çr´·K¤t¦¨êº¨
ð
¶w»$¤=ªB»±
ð
®¶¤Æ!6=ª
Ç¯r©6
ð
¤Å|ªÃ®
ð
¯°±P¨6=¨ﬀ©Çr®>¨ﬀ© ±K¸
ð
ênêr­¥¸1Å|¯*ÆÃ¤t¦¨¬ª!ê7ê­|¨S6
®>ªF66=¨ﬀ®ﬀ¤Å|ªw¯
ð
¯r©Á¤t¦r¨¹®ﬀª
Å|¯r®&Å|©r¨ﬀ¯r®>¨ÎëÅ¥¤=¦¤t¦r¨
ð
®>®ﬀ¨>­¥¨S6
ð
¤tª!6¿DÄ
øﬃ
¦r¨ﬀ¯8ýj¯
ð
­|­¥¸¤t¦r¨¹®ﬀª
Å|¯»
®ﬀÅ¥©r¨>¯®>¨}ëÅ¥¤=¦Z¤=¦r¨M;ﬂõ"Å Å|³69¨>À¤ÇÅ46=¨>©Zªw¯r­U¸
ð
¯r¨&Æw­ÅÆ
Å|±r­¥¨W±
ð
®¶1ÆF6=ª
Çr¯© Å¥³1ªw±r³=¨k6ì¨>©
ø
ÕÖ "Ö  ×Ø;ÙÚTL9Û ŁÜÛÝÚjÛNﬃÚT'9
¯²ª!6=©¨S65¤tªÁ©r¨¤t¨k6=´Å|¯r¨©*ÅùP¨S6=¨ﬀ¯?¤Å
ð
­o®S69ªw³=³¹³9¨>®ﬀ¤Å|ªw¯³¹«OªF6L¤t¦r¨69¨
ð
®¤Å|ª¯éëÅ¥¤t¦§¤=¦r¨ ©r¨ﬀÇz»
¤t¨k6ÅÇr´Þ¤
ð
6Æ¨ﬀ¤
Ì

5ÌO
P·

rÍ$êÍ¤t¦r¨©r¨¤t¨ﬀ®ﬀ¤Å¥ªw¯ª«7¤=¦r¨5­ÅÆw¦?¤69¨
ð
®¤Å|ª¯~ê76=ªz©Çr®¤·Å|¯¼±Pª¤=¦
«Oª!6$ë
ð
69©
ð
¯r©ß±
ð
®¶@ë
ð
6=©J©Å46=¨>®¤Å¥ªw¯<Å|³°®>ªw´êÇr­¥³=ª!6	¸
Ì
³=¨>¨Á³9¨>®ﬀ¤Å|ªw¯ È
øæ
Í·
ð
³¤=¦r¨ Å|¯«Oª!6	»
´
ð
¤Å¥ªw¯
ð
±Pª3Ç¤@¤=¦r¨W¶¤Å¥¯r¨>´
ð
¤Å¥®>³;ª«
ð
¯Â¨kì¨>¯?¤1®
ð
¯¦
ð
69©r­¥¸¹±º¨W¨ß¤6
ð
®¤t¨ﬀ©°«6=ªw´à¤=¦r¨¦¨
ð
ìK¸
6=¨
ð
®ﬀ¤Å|ªw¯ê769ª©*Çr®ﬀ¤
ø
á	â
+º2Dﬂ 1'A9C20!Dã /J'20&38*8j'0ﬂ -4P=%20ﬂ(<% -ã N 83oﬂ>ã(/oAzäw20ﬂ o+U#C20-ﬀ!Ł46-ã 8:%No20-F-'/1#838|ä&*+6#W%,-ﬀã N 83
å
#838*9æ-,C	C	ã !0!D9%KäF20ﬂ G+U#ﬀC20-ﬀ!I4P-ﬀã 8:%"NG20-F-<N &3ç(è
§¤¨+©1¨ZY
ªR¬·ìQ­®.­¯°­ﬀ±²òí
Y
³Dª«µ·¶¸­ì>í9¯Kî·ª/ª«µ[¹ª¹³D­ï7ª¹º2±Nì æ ¢1æ
õW³;®
ð
¯Â±º¨³9¨>¨ﬀ¯£Å|¯ÄNÅÆ
Ç769¨È
ø3é
·B¤t¦r¨DÇr¯
ð
´L±ÅÆ
Çª
Çr³¹Å|©r¨ﬀ¯?¤Åýr®
ð
¤Å|ªw¯ª«P¤t¦r¨Wê769ª¤tª¯r³@¨ﬀ´ÅU¤9»
¤t¨ﬀ©5Å|¯Â«Oª!6ë
ð
6=©°©ÅQ69¨>®ﬀ¤Å|ªw¯Å|³@¨>¯r³'Ç76=¨ﬀ©ﬃ·
ð
³<³=ªzªw¯
ð
³
ð
³'Å|­Å¥®>ªw¯¹¤t¨ﬀ­|¨ﬀ³=®>ªFêP¨©¨ﬀ¤t¨ﬀ®ﬀ¤=ª!6.Å¥³.Çr³9¨>©
¤tª³9¨Sê
ð
6
ð
¤=¨W¤t¦r¨}ên6=ª¤=ªw¯
ð
¯r©¤=¦r¨©r¨&Ç¤t¨k6=ªw¯ ³ÅÆw¯
ð
­¥³
ø1ö
¦r¨¨>¯¨S6ÆB¸©r¨kêPªw³'Å¥¤Å|ªw¯Âª«
ð
ê76=ªB»
¤tª¯%Å|¯L¤=¦r¨<³9¨>®>ª¯r©³Å¥­Å|®ﬀªw¯L®ﬀª
Çr¯?¤t¨k6 Ì0ê »ë ê ÍÅ¥³Ł³9ª¦ÅÆ¦Ã¤t¦
ð
¤G¤t¦¨o³ÅÆw¯
ð
­zªw±¤
ð
Å|¯¨>©%Å¥³]ë@¨>­|­
³=¨kê
ð
6
ð
¤t¨ﬀ©°«6=ªw´¯rª3Å|³=¨
ø
õW¯¨
ð
³9¸©r¨¤t¨>®¤Å¥ªw¯ª«ﬃ¤=¦r¨W­ÅÆw¦?¤`6=¨
ð
®ﬀ¤Å|ªw¯ê76=ªz©Çr®¤.Å¥³;¤=¦r¨S69¨ﬀ«Oª!69¨
Æ
Ç
ð
6
ð
¯?¤t¨ﬀ¨>©ﬃ·
ð
³"³9ªª¯
ð
³<¤=¦r¨Xê
ð
6	¤Å|®ﬀ­|¨·Å¥³1¨>´Å¥¤=¤=¨>©"Å¥¯ «OªF6ë
ð
6=©Z©ÅQ69¨>®¤Å|ª¯ Ì ¡ì
é
ç
Í
ø
¯ßª!69©r¨S6°¤=ª§©r¨¤t¨>®¤ ­ÅÆw¦?¤ê
ð
69¤Å¥®>­¥¨>³°¨ﬀ´ÅU¤=¤=¨>©<Å¥¯í±
ð
®¶@ë
ð
6=©J©ÅQ69¨>®¤Å|ª¯
ð
³Å¥­Å¥®>ªw¯Æ©Å|³9®
©r¨¤t¨>®¤tª!6 Ì ³=¨>¨HÄNÅÆ
Ç76=¨9È
ø ÷
Í]ë
ð
³WÇr³9¨>©ﬃ·
ð
³7¤=¦r¨­|ªdëÔ¨ﬀ¯r¨S6'Æ¸ª«ê
ð
6	¤Å¥®>­|¨ﬀ³7¨>´Å¥¤9¤t¨>©èÅ¥¯±
ð
®¶w»
ë
ð
6=©Á©Å46=¨>®¤Å¥ªw¯Å|´êº¨>©r¨ﬀ³W¤t¦r¨=Çr³=¨¹ª«
ð
³'Å|­Å¥®>ªw¯¤t¨>­¥¨>³9®>ª!êº¨
ø
ÄªF6W¤tª±º¨
ð
±r­¥¨L¤tª"Å¥©r¨>¯?¤Å¥«î¸
¤t¦¨ên6=ª¤=ªw¯r³7©r¨¤t¨>®¤t¨ﬀ©5Å|¯5¤=¦r¨©Å|³9®1©r¨ﬀ¤=¨>®ﬀ¤=ª!6>·
ð
¤´ë@ªB»©Å¥´Â¨ﬀ¯r³Å¥ªw¯
ð
­9êr­|ªB¤7ª«P¨>¯r¨k6Æ¸hì¨S6=³'Çr³
¤Å¥´Â¨Ã«Oª!6³ÅÆ¯
ð
­|³«6=ªw´ï¤=¦r¨¹³Å¥­Å|®ﬀªw¯©Å¥³=®¹©r¨ﬀ¤=¨>®¤tª!6 Ì ´ª
Çr¯?¤t¨ﬀ©8Å¥¯Á±
ð
®¶@ë
ð
6=©Ä©*ÅQ6=¨ﬀ®ﬀ¤Å|ªw¯Í
ªw±r³9¨S6$ìw¨>©/Å|¯¤t¦¨ 
5Ì   º·*  rÍeêÔ69¨
ð
®¤Å¥ªw¯éë
ð
³ê769ª©*Çr®>¨ﬀ©Ð«Oª!6¨	ìw¨ﬀ¯K¤=³ëÅU¤t¦
ð
¯²¨>¯r¨k6Æ¸
©r¨kêPªw³'Å¥¤Å|ªw¯
Ì
Å|¯¤t¦r¨³'Å|­Å¥®>ªw¯©*Å|³=®©¨ﬀ¤t¨ﬀ®ﬀ¤=ª!6
ð
¯r©Í.Å|¯¤=¦r¨dÆw¨S69´
ð
¯*ÅÇr´Ë©r¨ﬀ¤=¨>®ﬀ¤=ª!6
ø

¦r¨ﬀ¯
ð
 j»¨ﬀ¯r¨S6'Æ¸Áª«Bð-Z¶B¨ﬀñ ë
ð
³u6=¨ﬀÀ1Ç*ÅQ6=¨ﬀ©
Ì
Çnê7êP¨k6uê
ð
¯r¨>­;ª«ÄNÅÆ
Çn6=¨È
øüæjç
Í·<ë¦*Å|®¦
®>ªF66=¨ﬀ³êºªw¯r©r³<¤=ª5¤t¦r¨Hýª6=³	¤¨ß®ﬀÅU¤t¨>©³	¤
ð
¤=¨ª«Ý

P·z¤t¦r¨³9¨Sê
ð
6
ð
¤Å|ªw¯ª«(ên6=ª¤=ªw¯r³o«69ªw´Ë¯ª
Å|³9¨
±º¨>®
ð
´Â¨ì1Å|³'Å|±r­¥¨ò
ð
®S6=ª³=³¹®¦r¨>®¶éëÅU¤t¦
ð
Æw¨k6=´
ð
¯ÅÇ´ó³êP¨ﬀ®ﬀ¤L6'Çr´ ýj­¥­|¨>©éëÅU¤t¦²¨kì¨>¯?¤t³ﬀ·
ë¦Å¥®¦Ç¦
ð
©
ð
³Å|­Å|®ﬀªw¯ô©Å¥³=®5©r¨¤t¨ﬀ®ﬀ¤tªF6¤Å|´¨L±º¨ﬀ¤´ë@¨>¨ﬀ¯Ç»È
ç
¯r³
ð
¯r©CÈ
ç
¯³
ð
¯r©
ð
¯Á¨>¯r¨k6Æ¸
©r¨kêPªw³'Å¥¤Å|ªw¯±º¨ﬀ¤´ë@¨>¨ﬀ¯
æ
È¨ñ
ð
¯r©
¢
È¨ñÜ¸QÅ¥¨>­¥©r¨>©
ð
¯
ð
­¥´Âª³9¤)êÇ76=¨­Å|¯r¨
ð
¤ð-Ã¶¨ﬀñõòº·
¦rªdë@¨kìw¨k6Â«Oª!6¦*ÅÆw¦r¨k62 »$¨>¯r¨k6Æ
Å¥¨>³
Ì
­|ªdëo¨k6Îê
ð
¯r¨ﬀ­îÍ5ªw¯r­U¸§¯rª
Å¥³=¨ë
ð
³ªw±r³=¨k6ì¨>©ﬃ·
ð
­¥¤=¦rª
ÇÆ¦
³9¤
ð
¤t¨ﬀ³}ëÅ¥¤t¦
ð
¦ÅÆw¦r¨k6¨ß®ﬀÅU¤
ð
¤Å|ªw¯¨ﬀ¯r¨S6'Æ¸|ë@¨S69¨ÎêPª!ê*Çr­
ð
¤=¨>©qÅ|¯ô¤=¦r¨
LÌ
P·

rÍ$êp69¨
ð
®»
¤Å¥ªw¯
ø
õÞ´Âª!69¨©r¨ﬀ¤
ð
Å|­¥¨>©
ð
¯
ð
­U¸z³Å|³ªB«W¤t¦¨´¨
ð
³'Ç76=¨ﬀ´Â¨ﬀ¯?¤69¨kìw¨
ð
­|¨ﬀ©Æ¤=¦
ð
¤Å¥¤hë
ð
³
ð
­|´ªw³9¤èÅ¥´¹»
êºªw³=³'Å|±r­¥¨Â¤tª¼³=¨Sê
ð
6
ð
¤=¨¯rª
Å¥³=¨«6=ªw´ êÇr­¥³=¨ﬀ³©Çr¨°¤=ªÅ|¯r®&Å|©r¨ﬀ¯?¤Uê
ð
6	¤Å¥®>­|¨ﬀ³
ø

¯r­¥¸pì¨S69¸«O¨kë
ê769ª¤tªw¯³7¨>´Å¥¤=¤=¨>©2Å¥¯L¤t¦r¨êºª!êÇ­
ð
¤Å|ªw¯5ªB«º¤=¦r¨
÷?öw¢?÷ø
­|¨kì¨>­
ð
¤¹ð-¶B¨ﬀñJ®>ª
Ç­|©±º¨9Å|©r¨ﬀ¯K¤Åýj¨ﬀ©
ë¦r¨ﬀ¯
ð
¦ÅÆw¦r¨S6³	¤
ð
¤=¨Uë
ð
³Ã¨ß®&Å¥¤=¨>©¤t¦r¨¹­¥ªë<»$¨>¯r¨k6Æ¸|ê76=ªB¤tªw¯r³®ﬀª
Çr­|©¯ª¤±P¨¹ªw±³=¨S6$ìw¨ﬀ©
ø
ö
¦r¨¯rª
Å¥³=¨¹­|¨	ìw¨>­ª«@¤t¦r¨¹©r¨¤t¨ﬀ®ﬀ¤tªF6
ð
¯©Ç¤=¦r¨Â¨ﬀ­|¨ﬀ®ﬀ¤L69ªw¯Å¥®>³
ð
ì
ð
Å|­
ð
±r­|¨L«OªF6¤t¦r¨¨ß9êº¨S6Å¥´Â¨ﬀ¯?¤
ë
ð
³¤tªzª¦ÅÆw¦¤=ªvêº¨S69´ÅU¤
ð
À¤Ç
ð
¯?¤ÅU¤
ð
¤Å4ì¨´Â¨
ð
³Ç769¨>´¨>¯?¤Mª«¤t¦r¨Îê769ª¤tª¯r³³=®
ð
¤=¤=¨S6=¨ﬀ©rÅ¥¯
±
ð
®¶@ë
ð
6=©©*ÅQ6=¨ﬀ®ﬀ¤Å|ªw¯
ø

¨>¯r®ﬀ¨·
ð
³'Å|­Å¥®>ªw¯¹©r¨¤t¨ﬀ®ﬀ¤tªF6)ëÅ¥¤=¦
ð
¯Â¨ßz¤L69¨>´¨>­U¸¹­|ªdëß¯rª
Å¥³=¨"­|¨	ìw¨>­Å¥³
¯r¨ﬀ¨>©r¨ﬀ©«Oª!6<«Ç¤Ç76=¨¨ßnêº¨S6'Å|´¨>¯?¤t³1¤=ªÂ´¨
ð
³'Ç76=¨¤=¦r¨Xê76=ªB¤tªw¯r³Å¥¯Z±
ð
®¶@ë
ð
69©¼©Å46=¨ﬀ®ﬀ¤Å¥ªw¯
ø
¯¤t¦r¨¹¨ﬀ¯r©Ç¤=¦r¨©r¨¤t¨S69´Å¥¯
ð
¤Å|ªw¯ª«
ð
´¨
ð
³'Ç76=¨ﬀ©©Åüù6¨k6=¨ﬀ¯K¤Å
ð
­Ł®S69ªw³=³³=¨ﬀ®ﬀ¤Å|ªw¯wë
ð
³ªw´ÅU¤9»
¤t¨ﬀ©
ø
$¤`ê76=ªdì¨>©Â¤=ªÃ±º¨1¤tªzª©Å¥®&Çr­¥¤7¤=ªÃÀ¤Ç
ð
¯?¤Å¥¤
ð
¤Å4ì¨>­U¸5´¨
ð
³'Ç76=¨1¤t¦¨ên6=ª¤=ªw¯r³¨>´Å¥¤9¤t¨>©èÅ¥¯
±
ð
®¶@ë
ð
6=©¼©ÅQ69¨>®ﬀ¤Å|ªw¯
ø
ÄTÇ769¤=¦r¨S69´Âª!69¨¤t¦r¨
ð
¯
ð
­U¸z³Å|³ª«Ł¤t¦r¨Xê769ª¤tª¯©
ð
¤
ð
ª«¤=¦r¨Ã©¨ﬀ¤t¨ﬀ®ﬀ¤=ª!6
Å|¯ô«OªF6ë
ð
6=©©Å46=¨ﬀ®ﬀ¤Å¥ªw¯ô®
ð
Çr³=¨ﬀ©oên6=ªw±r­¥¨>´³>·ë¦Å|®¦Á¦
ð
©¯ª¤±P¨ﬀ¨>¯Á®>ª¯r³Å¥©r¨S69¨>©wë¦r¨>¯Á¤t¦¨
æ ¢w¢ ëG£H¬W[;±ª¹³
§¤¨
±Ł£ª<³Dª«µ·¶å­ìEí¯Lî·ª±ªì°±´ª«µ[¹ª¹³D­ï7ª¹º2±
all_ede3
D
E 
[ M
eV
 ]
E-D E [ MeV ]
deuteronù
protonú
0
0.25
0.5
0.75
1
1.25
1.5
1.75
2
0 2.5 5 7.5 10 12.5 15 17.5 20
ù
ú
ÄNÅÆ
Ç76=¨ È
ø3é
8â«ÑBiys ÍÉ(uÌËs ÑuãÊ?{¹ÉBuÌÉBl|v8ËÒ3É>k&Ïl0x-Í
n
ëûßÌË>WûKiëû
q
Ñ)ÓÏÕÔÌÉ ÏORÑ´Ës3{*sXk&Ñu
y-É&ÏÉﬀk&ÏÑ?läËs3u ÏÕÔÌÉ5ÏÉ({ ÉﬀË	kﬀÑQÒ
ÉwRâÔÌÉ7Ò(läÑ3ÏÑuÌË5Ò(läÑzyrx kﬀÉﬀy²s3u ÏÕÔÌÉ 
m@n
ü
Ö6p


Öjq
ÒlÉÊ k&ÏtsÎÑuÊBlÉ
RÉ({3{1ËÉ)ÒãÊBläÊÌÏÉﬀy£ÓläÑ*ÍÏÕÔÌÉdÉ({ÎÊÌËÏts kÊ?{3{  Ë	kÊjÏÏÉBläÉﬀyy-ÉBxjÏÉ(läÑuÌËﬀ
0.5
1
1.5
2
-200 -100 0 100 200 300 400
all_e_t_s_g
Germanium gateý
37S 646 keVþ
all_e_t_ns_g
En
er
gy
 [ M
eV
 ]
Germanium gateý
E >ß  670 keV
Time [   ns ]
0.5
1
1.5
2
-200 -100 0 100 200 300 400
ý
ß
ÄNÅÆ
Ç76=¨YÈ
øæjç
8Tâ«ÑBiys ÍÉ(uÌËs ÑuãÊK{TÒ?{ Ñ3ÏÑ)Ó«ÉBuÌÉ(lÊvÃÌÉBlËxÌË9Ïts+ÍHÉdÓÑKlKËsXvuãÊ?{ ËÓlÑ*ÍÏÕÔÌÉYËs3{*sXk&Ñu
ysÎË	k"y-É&ÏÉ>kÏÑ?l
n
ÍHÑx?ujÏÉﬀyÂs:uÃãÊ(kãÙRÊBlÊyys3läÉ>kÏtsÎÑu
q
ÑÌËÉBl¥ÌÉ>yÂs3uÏÕÔÌÉ
,mon
ü
ÖPp


Öjq
ÒLlÉÊ k&ÏtsÎÑuz

u?{ %ÉÌÉBujÏË
p
HÔws k)ÔèÊ(läÉMkﬀÑs3u k(sXy-É(ujÏos ÏÕÔèÊji=lßÊﬀ=ÊBläÉMy-É)Òws k&ÏÉﬀy
n
(läÑ-Ê y°k&Ñs:u k sXy-É(u kﬀÉMs3uFi
y-ÑFéd×?~~uÌË
qp
ÏÕÔÌÉ9Ïts+ÍHÉs ËÍÉﬀÊãËx?läÉﬀy°läÉ({ÎÊjÏts ÌÉ9ÏÑ·ÏÕÔÌÉv
É(lÍÊKuws3x-Íy-É&ÏÉﬀk&ÏÑ?l uHÏÕÔÌÉx-Ò-Ò
É(l
ÒãÊ?uÌÉB{ﬂÊ?{3{TÉÌÉBujÏË
p
DÔwsXk)Ô£ÊBlÉkﬀÑs3u k(sXy-É(ujÏs ÏÕÔÏÕÔÌÉ


Ö
y-ÉﬀÉBk(s ÏÊÌÏts Ñu¼{s:uÌÉ2ÊjÏ)×?7ÙÕÉ&Ú ÊBlÉ
y-É)Òws k&ÏÉﬀy
p
s:u=ÏÕÔÌÉÂ{ ÑF«ÉBlÒãÊ?uÌÉB{*ÊK{*{*ÉÌÉBujÏË
p
DÔwsXkãÔÊBläÉÃkﬀÑs3u k(s y-ÉBujÏ<s ÏÕÔÊjitläÊﬀ2Ñ3Ó¹ÊjÏ{ ÉÊÌËÏ
ww~5ÙÕÉÚ ÊBlÉdËÔÌÑF"uz
§¤¨
	1¨
î·ª±ª¹³·í9ºA­ºHî.ë«ª¹î,±³¬;ºì
Y
ª¹³ æ ¢)÷
¨ß9êº¨S6'Å|´¨>¯?¤
ð
­Ý³9¨ﬀ¤Çnê|ë
ð
³êr­
ð
¯r¯r¨>©
ø
õ³Wªw¯­¥¸ªw¯¨=Æw¨k6=´
ð
¯ÅÇ´¾©r¨ﬀ¤=¨>®¤tª!6
ð
¯r©¼ª¯r­¥¸ ªw¯¨
êºª
Å|¯?¤9»$­Å¥¶¨ê
ð
69¤Å|®ﬀ­|¨©r¨¤t¨ﬀ®ﬀ¤tªF6ëo¨k6=¨dÇr³=¨ﬀ©ﬃ·¤=¦r¨
ð
¯Æ
Ç­
ð
6@®>ª!66=¨>­
ð
¤Å¥ªw¯±º¨ﬀ¤´ë@¨>¨ﬀ¯¤t¦¨©ÅQ69¨>®»
¤Å¥ªw¯ª«(ê76=ªB¤tªw¯Â¨>´Å|³=³'Å|ªw¯
ð
¯r©»$¨>´Å|³9³Å|ª¯Â¦
ð
©Â¤tªÃ±P¨®>ªw¯³Å|©¨S6=¨ﬀ©"Å|¯¹¤t¦r¨®
ð
­¥®ﬀÇr­
ð
¤Å¥ªw¯¹ª«
¤t¦¨©ÅùP¨S69¨>¯?¤Å
ð
­ﬃ®S69ªw³=³³9¨>®ﬀ¤Å|ªw¯6·r¦rªdëo¨	ìw¨k6"¤=¦r¨
ð
¯Æ
Çr­
ð
6<®ﬀª!669¨>­
ð
¤Å|ª¯ë
ð
³
ð
­|³=ª2Ç¯r¶K¯rªdë¯
ø
ö
¦r¨«O¨
ð
³'Å|±Å¥­Å¥¤¸ª«<¿ ê »	r
Ý¬ ê ¨ß9êP¨k6Å¥´Â¨ﬀ¯K¤=³¨ëÅU¤t¦
ð
±º¨
ð
´ ªB«<­|ªdë4Å¥¯?¤t¨>¯³Å¥¤¸
ð
¯r©
ð
¯Æ¨>¯r¨k6Æ¸²ª«
¢Qø3¢
È¨ñÞ¦
ð
³±º¨>¨>¯Æ©r¨>´ªw¯r³	¤L6
ð
¤t¨ﬀ©
ø¹ö
¦r¨ô¬ª!ênêr­|¨k6®ﬀª!669¨>®¤Å|ª¯Æª«
ð
³Å¥¯Æw­¥¨È.õWÝí´Âªz©Çr­¥¨5¦
ð
³M±P¨ﬀ¨>¯Á¤t¨ﬀ³9¤t¨ﬀ©rÇr³'Å|¯Æ ¤t¦¨±
ð
³Å¥®
ð
¯Æw­|¨
ð
­Æwª!6'Å¥¤=¦r´
ð
¯r©
¤t¦¨Ç³	¤t¨ﬀ¨Sêº¨>³9¤	»³9­|ª!êº¨
ð
­Æwª!6'Å¥¤=¦r´ «Oª!6têPª³Å¥¤Å|ªw¯å69¨>³9ªw­Ç¤Å|ªw¯ñëÅU¤t¦Å¥¯ß¤t¦r¨Á´ª©Ç­|¨
ø
Äjª!6
ð
´ª©Ç­|¨êºªw³'Å¥¤Å¥ªw¯r¨ﬀ©
ð
¤5¤=¦r¨´Âª³9¤2Çr¯«
ð
ìª
Ç76
ð
±r­|¨
ð
¯Æw­¥¨
ð
6=¨ﬀ­
ð
¤Å4ìw¨°¨>¯r¨k6Æ¸¬6=¨>³9ªw­Ç¤Å|ª¯
ª«"ì
æ ½
¦
ð
³±º¨>¨ﬀ¯Áªw±¤
ð
Å|¯r¨ﬀ©¼«Oª!6W¤=¦r¨5©r¨ﬀ¨ß®ﬀÅU¤
ð
¤Å|ªw¯­Å|¯r¨Mª«¤t¦r¨%ý76=³9¤¨ß®ﬀÅU¤t¨>©Á³	¤
ð
¤=¨5ª«
  
ð
¤
ð
¯ô¨ﬀ¯r¨S6'Æ¸¼ªB«ﬁﬀðﬂﬀ°¶B¨ﬀñ
ø
¯ÁÈﬃ.õÝ
ð
«Ç76	¤t¦r¨k6;Å|´ê76=ªdì¨>´¨>¯?¤Å¥³W¨ßnêº¨>®¤t¨ﬀ©ﬃ·
ð
³³=¨ﬀÆ´Â¨ﬀ¯K¤;QõMëÅ¥­|­Ý±P¨
ð
ì
ð
Å|­
ð
±r­|¨B·
ð
¯r©ô¯ª¤
ð
­|­Ý´Âªz©Çr­¥¨>³WëÅ|­¥­I±P¨uêPªw³'Å¥¤Å|ªw¯r¨ﬀ©
ð
¤W¤t¦¨
´ªw³9¤WÇr¯«
ð
ìª
Ç76
ð
±r­|¨
ð
¯Æw­¥¨
ø¤ö
¦r¨"±
ð
®¶¤Æ!69ª
Çr¯r©69¨>©Ç®ﬀ¤Å¥ªw¯°ª±¤
ð
Å¥¯r¨>©ÎëÅ¥¤=¦Â¤=¦r¨
ð
Å|©ª«ﬃ¤t¦¨
¿
ê
» 	r
Ý¬
ê
ﬁõ"Åß¦
ð
³<±º¨>¨ﬀ¯ ¤=¨>³	¤t¨>©
ø
õW³o¤=¦r¨ﬁõ"Å
ð
­¥­|ªdë³;¤=ªh6=¨ú9¨>®ﬀ¤<±
ð
®¶¤Æ!6=ª3Çr¯r©
j»´6
ð
¸z³
ð
®>®ﬀÇ´%Çr­
ð
¤t¨>©6·ë¦r¨ﬀ¯
ð
¯¨>´ê¤¸±P¨
ð
´ ±*Çr¯r®¦
ð
66Å4ì¨>³ﬀ·
ð
´
ð
ú9ª!6DÅ|´ê76=ªdìw¨ﬀ´Â¨ﬀ¯?¤
ª«¤t¦¨±
ð
®¶¤Æ!6=ª3Çr¯r© 6=¨ﬀ©Çr®ﬀ¤Å|ªw¯ñëÅ¥­|­"±P¨ª±¤
ð
Å¥¯r¨>©Æ«6=ªw´ ¤t¦Å¥³©r¨	ìQÅ¥®>¨
ø"!
ªdëo¨	ìw¨k6nÅU¤5Å¥³
©ÅUÂ®&Çr­¥¤L¤tªÁ³
ð
¤Å|³	«î¸
ð
­|­)6=¨ﬀÀ1Ç*ÅQ6=¨ﬀ´Â¨ﬀ¯?¤t³èÅ|¯²ªw¯r¨¨ß9êP¨k6Å|´¨>¯?¤
ð
­1³=¨¤Ç7ê
ø
õ³¤t¦r¨Z¬ª!ê7ê­|¨S6
®>ªF66=¨ﬀ®ﬀ¤Å|ªw¯§±º¨>®ﬀªw´¨>³5¨
ð
³Å¥¨S6>·(ë¦r¨ﬀ¯
ð
©r¨ﬀÇ¤t¨S6'ÅÇr´ ¤
ð
6Æw¨¤%Å|³Çr³=¨ﬀ©ﬃ·Ł¤=¦r¨©r¨¤t¨k6=´Å|¯
ð
¤Å|ªw¯
ª«©ÅùP¨S69¨>¯?¤Å
ð
­o®k6=ªw³9³Â³9¨>®¤Å|ª¯r³èÆw¨ﬀ¤=³´Âª!69¨©r¨>´
ð
¯r©*Å|¯Ær·Ł±P¨ﬀ®
ð
Ç³=¨ ¤t¦r¨ ¦r¨
ð
ìK¸ 69¨
ð
®¤Å|ª¯
ê769ª©Ç®ﬀ¤@®
ð
¯r¯ª¤o±º¨Çr³=¨ﬀ©°«Oª!67¤t¦¨N69¨>®>ª¯r³9¤6Çr®¤Å|ª¯°ª«P¤t¦r¨"¶¤Å|¯r¨ﬀ´
ð
¤Å|®ﬀ³>·
ð
¯r©¤t¦r¨ê769ª¤tªw¯³
¨>´Å¥¤9¤t¨ﬀ©nÅ¥¯±
ð
®¶@ë
ð
6=©ô©*ÅQ6=¨ﬀ®ﬀ¤Å|ªw¯®
ð
¯¦
ð
6=©r­U¸±º¨©r¨ﬀ¤=¨>®ﬀ¤=¨>©
ø
#%$& ' ()+*ﬁ(-,/.10 20435)467(-3 89,/:;04<=ﬂ(-,
ö
¦r¨«O¨
ð
³Å¥±Å|­Å¥¤¸³	¤Çr©Å¥¨>³5ªB«>»õ6
ð
¸³êº¨>®ﬀ¤6=ªw³9®>ª!ê?¸¨ß9êP¨k6Å|´¨>¯?¤=³
ð
¤¿
ê
»	r
¬
ê
ð
69¨
®>ª´êr­¥¨ﬀ¤=¨>©ﬃ·z¯rªdë ¤=¦r¨¯¤Çr®ﬀ­|¨
ð
6êr¦?¸z³Å|®ﬀ³6=¨ﬀ³Çr­U¤t³<ª«I¤=¦r¨¨ßnêº¨S6'Å|´¨>¯?¤
ð
69¨W¤tªL±P¨©*Å|³=®&Çr³=³9¨>©
ð
¯r©Á¤t¦¨®k6=ªw³9³Ã³9¨>®¤Å|ª¯oê769¨>©Å¥®ﬀ¤Å|ªw¯r³«Oª!6¤=¦r¨

!
Ì
üP·*

Í$ê6=¨
ð
®ﬀ¤Å¥ªw¯Á¦
ð
ìw¨¹¤tªZ±P¨¹®ﬀªw´¹»
ê
ð
69¨>©ëÅ¥¤=¦ ¤=¦r¨ﬀÅ461®>ª!66=¨ﬀ³êºªw¯r©Å¥¯ÆÂ¨ß9êP¨k6Å|´¨>¯?¤
ð
­&ì
ð
­Ç¨>³
ø
ÕÖ@?ÖBA C ÛŁØ/D6ÚFEHG>I JLKØ/I-IÛM	NG/OZÚPKÛQJSR
HUTWV
Ø;ÙYX<ÛÝÚ

¦r¨ﬀ¯
ð
©r¨&Ç¤t¨k6ÅÇ´ ¤
ð
6Æw¨¤NÅ¥³NÇr³9¨>©ﬃ·(¤t¦r¨;¤´ëoª³	¤L69ªw¯Æw¨ﬀ³9¤69¨
ð
®¤Å¥ªw¯5®¦
ð
¯¯r¨>­¥³
ð
6=¨¤t¦¨<¯r¨ﬀÇz»
¤L69ªw¯
ð
¯r©Â¤=¦r¨Nên6=ª¤=ªw¯êÅ¥®¶¤Ç7ê
ø
õW³@¿
ê
»	r
Ý¬
ê
Å|³©r¨>³'ÅÆw¯¨>©°¤=ªÃ¨ßnê­|ª!69¨W¯r¨	ëå6=¨&Æ
Å|ªw¯³
æ ¢
ð
ëG£ZW[\[^]ﬁ_a`b5[Ł£7]9_ﬃ]ced@fìEí"gLîe]h[^]ìi[j]c[ﬁ]ﬁ_ﬃfï+]ﬁkl[
ª«KÇr¯r¶K¯rªdë¯Z¯¤Çr®>­¥¨ﬀÅD·K¤t¦*Å|³Å¥³
ð
¯"Å|´êºª!69¤
ð
¯?¤
ð
©9ì
ð
¯K¤
ð
Æw¨B·
ð
³<¤=¦r¨ªw±r³9¨S6$ìw¨>©mj»$¤L6
ð
¯r³'Å¥¤Å¥ªw¯r³
¯r¨ﬀ¨>©¤=ª ±P¨
ð
³9³ÅÆ¯r¨>©Á¤tª¤t¦¨êºª!êÇr­
ð
¤Å¥ªw¯ôª«oªw¯r­U¸¼¤´ë@ª\êºªw³=³'Å|±r­¥¨¯¤Çr®>­¥¨ﬀÅ
ø
ÄTÇ76	¤t¦r¨k6=´ª!6=¨
¤t¦¨©r¨ﬀÇ¤=¨S69ªw¯qÅ|³W¤=¦r¨5­ÅÆw¦?¤t¨ﬀ³9¤ª«
ð
­|­2êºªw³9³Å|±­|¨L¯¨ﬀÇ¤6=ªw¯Á©rªw¯ª!6=³ﬀ·ﬃ³=ª¤=¦
ð
¤¤=¦r¨h6=¨ﬀ³Çr­U¤Å|¯*Æ
¤L6
ð
¯r³	«O¨S6;¯1Ç®>­|¨&Çr³@¤6
ð
ìw¨ﬀ­|³
ð
¤
ð
±ºª
Ç¤¤t¦r¨³
ð
´¨³êº¨>¨ﬀ©
ð
¯r©Å|¯¹¤t¦r¨"³
ð
´¨©ÅQ69¨>®¤Å|ª¯
ð
³¤t¦¨
±º¨
ð
´ ê
ð
69¤Å|®>­¥¨>³
ð
­¥­|ªdëÅ|¯*Æ
ð
¬ª!ê7êr­¥¨S61®>ªF66=¨ﬀ®ﬀ¤Å|ªw¯ ¨kì¨>¯vëÅ¥¤t¦ª
Ç¤Wê
ð
6	¤Å¥®>­|¨W©r¨ﬀ¤=¨>®ﬀ¤Å|ªw¯
ø
õW³Å¥¤Å|³©ÅUÂ®&Çr­¥¤¹¤=ªrÇr³9¨
ð
ê*Ç76=¨©r¨ﬀÇ¤=¨S69ªw¯Ô¤
ð
6Æw¨¤F·©r¨ﬀÇ¤t¨S6'ÅÇr´ ¨ﬀ¯76Å¥®¦r¨>©ñêºªw­U¸z¤=¦r¨>¯¨
Ì Å<¬

ÍnYÅ|³ÍëÅ¥©r¨>­U¸5Çr³9¨>©
ð
³
ð
¤
ð
6'Æw¨ﬀ¤´
ð
¤=¨S6Å
ð
­
ø
ªw­¥¸K¤t¦¨>¯r¨dÅ|³1¨
ð
³9¸°¤tª¹¦
ð
¯r©­|¨
ð
¯r©«Oª
Å¥­|³
ª«
ð
¯?¸©r¨ﬀ³ÅQ69¨>© ¤t¦Å¥®¶K¯r¨>³9³W®
ð
¯±º¨}ê76=ªz©Çr®ﬀ¨>©
ø
¯6ÄNÅÆ
Ç76=¨È
øüæ
æ
¤=¦r¨¬ª!ênêr­|¨k6	»®ﬀª!669¨>®¤t¨>©£Æw¨S69´
ð
¯*ÅÇr´oj»³êP¨ﬀ®ﬀ¤6Çr´ Å|¯®ﬀª
Å|¯®ﬀÅ|©¨>¯r®ﬀ¨NëÅ¥¤=¦
¤t¦¨;ﬂõ"Å
ð
¯r©¤=¦r¨
ð
®>®ﬀ¨>­¥¨S6
ð
¤tª!67¿DÄ Å|³G³9¦rªdë¯
ø
Äjª!6¤=¦r¨"¬ª!ê7êr­¥¨S6®ﬀª!669¨>®¤Å|ª¯¹¤=¦r¨<¤L6
ð
¯r³»
«O¨S669¨
ð
®¤Å¥ªw¯¶¤Å|¯r¨ﬀ´
ð
¤Å|®ﬀ³2ëÅ¥¤=¦
ð
ÛZª«
ç*øç
ﬀ-ÈW¦
ð
ì¨"±º¨>¨ﬀ¯Ç³=¨>©6·
ð
¯r©¤t¦r¨1³9®
ð
¤9¤t¨k6Å|¯*Æ
ð
¯Æw­|¨
ª«¤t¦¨¦r¨
ð
ìK¸p6=¨
ð
®ﬀ¤Å|ªw¯wê769ª©*Çr®ﬀ¤¦
ð
³±P¨ﬀ¨>¯Ç¯r¨ﬀÆw­¥¨>®¤t¨>©
ø>ö
ëoªZ©Åüù6¨k6=¨>¯?¤¶¤Å|¯©r³ª«`êP¨
ð
¶K³
®
ð
¯±P¨Ã©Å|³	¤Å|¯*Æ
ÇÅ|³9¦r¨>©
ø
õ³=¨S6'Å|¨ﬀ³ª«©rª
Ç±r­|¨»¦¤Çr´êP¨ﬀ©ô±
ð
®¶¤Æ!69ª
Çr¯r©wêº¨
ð
¶K³ﬀ·&ë¦Å|®¦¦
ð
ì¨
±º¨>¨>¯±769ª
ð
©r¨ﬀ¯r¨>©Â©Çr¨1¤tª¤t¦¨"«
ð
­¥³=¨¬ª!ênêr­|¨k6G®>ª!66=¨ﬀ®ﬀ¤Å¥ªw¯ﬃ·
ð
69¨ì1Å|³Å¥±r­|¨
ø
¯
ð
©r©ÅU¤Å|ª¯5³=¦
ð
6ê
­Å¥¯r¨>³1®
ð
¯Z±P¨³9¨>¨>¯
ø
¯Â¤=¦r¨W¯¨ﬀÇ¤6=ªw¯¤L6
ð
¯r³9«O¨k6@®¦
ð
¯r¯r¨>­º¤tªM

¹¤´ë@ªL³	¤L6=ª¯ÆL©r¨ﬀ¨ß®ﬀÅU¤
ð
¤Å|ªw¯Â­Å¥¯r¨>³
ð
69¨ªw±³=¨S6$ìw¨ﬀ©
ø
ö
¦r¨ ¤L6
ð
¯r³ÅU¤Å¥ªw¯
ð
¤ﬀðﬂﬀ¶¨ñ ®ﬀª!669¨>³êºªw¯r©³¤=ªÇ¤=¦r¨ ©r¨>¨ß®&Å¥¤
ð
¤Å¥ªw¯ÆªB«¤=¦r¨ný76=³9¤¨ß®&Å¥¤=¨>©
³9¤
ð
¤t¨"ª«P

P·w¤t¦¨
÷ﬂp¢
÷
ø
­|¨kì¨>­
ð
¤qﬀðﬂﬀ¶B¨ﬀñ5·1Å|¯?¤=ª¤=¦r¨Æ!6=ª3Çr¯r©°³	¤
ð
¤=¨
Ì
³=¨ﬀ¨ÄÅÆ
Ç769¨DÈ
øüæj÷
ð
¯r©
ö
ð
±r­|¨·È
øæ
Í
ø*ö
¦¨¤6
ð
¯³Å¥¤Å|ªw¯
ð
¤
æ,éwé3÷
¶¨ﬀñAÅ¥³
ð
©rª
Çr±­|¨ﬀ¤>·±ºª¤t¦¤=¦r¨©r¨ﬀ¨ß®ﬀÅU¤
ð
¤Å|ªw¯ª«¤t¦¨
ærpw¢?÷ø
ð
¤
¢
ﬀ
÷
ê
¶¨ñ Å¥¯?¤tª¤t¦r¨
÷ﬂp¢K÷ø
­¥¨kì¨>­
ð
¯r©Á¤t¦¨©¨>¨ß®&Å¥¤
ð
¤Å|ª¯ÇªB«o¤t¦¨
÷Wpw¢K÷

­|¨	ìw¨>­
ð
¤
æ,éwéw¢
¶¨ñAÅ|¯?¤tªL¤=¦r¨;Æ!69ª
Çr¯r©³	¤
ð
¤=¨¸1Å|¨>­¥©1j»´6
ð
¸z³
ð
¤<¤t¦Å¥³o¨ﬀ¯r¨S6'Æ¸
ø
õ¯
ð
©r©ÅU¤Å¥ªw¯
ð
­ªë@¨
ð
¶B¨S6
­Å¥¯r¨2Å|³}ì1Å|³'Å|±r­¥¨
ð
¤
æj÷
ðs¶¨ñ¾®ﬀª!669¨>³êºªw¯r©*Å|¯Æ ¤tª ¤t¦r¨¹¤L6
ð
¯r³'Å¥¤Å¥ªw¯Áª«o¤=¦r¨
÷ﬂpw¢
÷

Å|¯?¤tª ¤t¦¨
÷ﬂpw¢
÷ø
­¥¨kì¨>­
ø
¯¤t¦¨}ê76=ª¤=ªw¯¤L6
ð
¯r³	«O¨S6<®¦
ð
¯r¯r¨>­0·në¦Å¥®¦­|¨
ð
©r³o¤tª

Åo­0·z¤=¦r¨}êºª!êÇr­
ð
¤Å¥ªw¯°ª«I«Oª3Ç76<³9¤
ð
¤t¨ﬀ³
Å|³ª±r³=¨k6ìw¨ﬀ©ﬃ·ë¦Å|®¦
ð
­¥­o©r¨ﬀ®
ð
¸@Å|¯?¤=ªô¤t¦r¨6Æ!69ª
Çr¯r©²³9¤
ð
¤t¨
ø
õ<¤
æ
s
¢
s¼¶B¨ﬀñ
ð


Åo­1­Å¥¯r¨£Å¥³
ì1Å|³'Å|±r­¥¨
Ì
ærpw¢ut
øwv
÷ﬂp¢
t
x y
Í
øö
¦¨têP¨
ð
¶
ð
¤
÷*øüæ
È¨ñﬃÅ|³M¤tªzªô±76=ª
ð
©Ä«Oª!6
ð
³Å¥¯Æw­|¨Â­Å¥¯r¨·LÅ¥¤
Å|³X69¨>­
ð
¤t¨>©¤=ª
ð
©rª
Çr±­|¨ﬀ¤Mª«

Åo­7­Å¥¯r¨>³
ð
¤
÷3ç
ê
ﬀ ¶¨ﬀñ
Ì
È
pw¢ut
øzv
÷ﬂpw¢
t
x y
Í
ð
¯r©
÷*æjç
÷
¶¨ñ
Ì
s
pw¢
÷
ø
v
÷Wpw¢
t
x y
Í
ø
õ¯
ð
©©Å¥¤Å|ªw¯
ð
­6³=´
ð
­¥­6­Å¥¯r¨ªz®>®&Ç76=³
ð
¤
÷
sBð
ê
¶B¨ﬀñ
Ì
s
pw¢
÷
ø
v
÷ﬂp¢
t
x y
Í
ø
ö
¦r¨@­Å|¯¨>³
ð
¤
êwé
ç
¶¨ﬀñL·
ð
¤
æ3æ ¢w¢
¶¨ﬀñL·
ð
¯r©
ð
¤
æ ¢3êé
¶B¨ﬀñí®ﬀª
Çr­¥©L¯rª¤±º¨
ð
³=³ÅÆw¯r¨ﬀ©L¤tª"¨ﬀÅU¤t¦r¨k6
¤t¦¨Â¤´ë@ª Å|³=ª±
ð
6=³
Ì
º·

Åo­ÊÍ¯rªF6Ã¤tª
ð
¯?¸ªB¤t¦r¨k6U6=¨
ð
®ﬀ¤Å|ªw¯ª«
ü
ëÅU¤t¦Ä¤=¦r¨°©r¨&Ç¤t¨k6=ªw¯
ø
ö
¦r¨¸|ë@¨S6=¨©*Çr¨5¤tª°¤6
ð
¯³Å¥¤Å|ªw¯³Å|¯
Ñ
ü
ö
Å
Ì
¢
t ø{v
ç
t
x y
·6ð
t ø4v
¢
t ø
·|ﬀ
t ø4v
ð
t ø
ÍNêºª!êÇr­
ð
¤t¨ﬀ©
Å|¯ ¤t¦¨«Ç³Å|ª¯¨	ì
ð
êPª!6
ð
¤Å¥ªw¯6=¨
ð
®ﬀ¤Å|ªw¯
ø
Å
Ìü
P·
Ñ
ü
ö
Å
¢
¯Í·
ð
³®ﬀª
Çr­|©Z±º¨M©¨>´ªw¯r³9¤6
ð
¤=¨>©±K¸
®>ª´ê
ð
6Å|¯*Æ¤t¦¨³êº¨>®¤L6Ç´ ¬ª!ê7ê­|¨S6»®ﬀª!669¨>®ﬀ¤=¨>©§«Oª!6Ãªw¯r¨»¯¤Çr®>­¥¨>ªw¯§¤6
ð
¯³9«O¨S6L¶1Å¥¯r¨>´
ð
¤Å|®>³
`b
	
bnîe]}[^]ﬁ_·í>k~fkHî.ë]¹î[^_"Z\kì
Y
]ﬁ_ æ ¢
È
0
200
400
550 600 650 700 750 800 850 900 950
0
100
200
1200 1400 1600 1800 2000
all_de
BG
37S
46Ti

all_de
Co
un
ts
 / 
2 
ke
V
Co
un
ts
 / 
5 
ke
V
Co
un
ts
 / 
10
 k
eV
46Ti 46Ti 37S BG
37Cl 37S
all_de
Energy [ keV ]
BG 37Cl 37Cl
0
25
50
75
100
2200 2400 2600 2800 3000 3200 3400 3600 3800
ŁW=¨W!8>ﬂ?{ BlUikKl0lﬀk>ywGPi$vﬂ>yvW(l7Kuws3xﬂ ¡Wﬀkl0xﬂ¢r£Bl¥r>yÆs3u¤¥r
ü¡¦|§
v
n
¨
q ©
lª« kts¬uﬃr®­r¯­°²±>L´³"¥r/¡Wﬀkl0xﬂÆﬁr^£ﬂµ(us:uﬃ­u¶·¥rx?lWUﬃts

}Âlr-u¸@}W¹
ü
ﬂros ¥s3u v{ vW(l7Kuws3xﬂÜyﬂﬀk?lrqº¼»¾½À¿ÁeÂ}ÃF6´?l^¥rlﬂFi
{ (l7kU?l0l>k²ts¬uÄ¥rlKur¸ÀBl/µ(s3urÅ7rts kUBlÂxrHﬀy
p
ÄÆjÅ¸;~r*~´7´£xﬂ>ym?u yÇ¥r
	k« Bl0s3u v¤?u v{ Äu¸È¥r¹É¦´5urﬀv{ ﬀkﬀy®³"¥rl²u>k²lDxﬂËkU?lDlªU¡Wu yﬂe¥rÄ¸Àx?lª¥
¡W>k²lDxﬂwu¸ÝsXvx?lª<j¯Ê
n
ks:u k sXyﬂ(u kU@s ¥"¥rŁwG%Ku y\¥r> k>kB{ BlË?lÝŁ
qp
¥rFrBl
p
¥re¸x?{3{£rts £ts kUBl-¡¥rFuz
¢
ﬀ Ì
£Z7Í\[^]ﬁ_a`b5[Ł£7]9_ﬃ]ced@f£Î|Ï"gÑÐe]h[^]qÎi[j]ceÍﬁ]ﬁ_ﬃf£Ò+]ﬁkl[
cd2_detfus1
Co
un
ts
 / 
ke
V
Energy [ keV ]
0
Ó
500Ô
1000
1500
860
Õ
880
Õ
900
Ö
920
Ö
940
Ö
ŁW=¨e
¢
8×Øﬂ?{ Bl¥i$kU?lDlª>k²>y1ji s:u v{ -²u>k²lDxﬂ~r£Bl¥r>yZs3u¥r ü ¦|§
v
n ¨
q ©
li
 kts¬uÄrﬃ­Ù­°±>Ù5F³ﬃ¥r·¡W>k²lDxﬂ ﬁr7 k>k(xﬂÃx?{ rﬀy¼s:u;Âm¥rx?lWUﬃts
Ms ¥;?u
s:u(urs 0{Å¸e¶?~j  n B{ >k²l0sXkUK{
p
kKl0l²uu ys:u vz§Øª¹uÉmﬂr
q
³ﬃ¥r sXyW¥{u¸\¥rÇ{*s3ur
7ÊuÊWÂ+µ±
p
¥ws kÅ¥ s¬ yrxrÄlË?urs ts¬u s:u
Ñ
ü
³1si(lzyrx kU>ys:uÄ¥r¸xrs¬uﬀ´ﬂW?lrts u
lU(k²ts¬u
ø
¨

n
ü
¦
p
Ñ
ü
³1sÚ­u
qp
kUKu WÂl>yrx k>y¸lØ rµ²±ÛÙÊ+µ²±ß¥r(uÄ¥r1BlªØW(l
µ s:urÅ7tsXkU;¸À?l7¥r+¸xrs¬ulª« kts u
n
£{*s yí{*s3ur
q
(lÄxr£>yS¸À?l7¥rÜØﬂ?{ (lkU?lDlª>k²ts¬u
s:ur« y1Å¸^¥relË?ur¸ÀBlÈµ(s3urÅ7rts kU
n
yﬂu ﬀy{s:ur
q

Ý
¥¤=¦¤t¦r¨³HÞP¨ﬀ®ﬀ¤¾¾r´Ë®>ªWH=¨>®¤t¨ﬀ©Z«OªW@«Àr³¾¥ªw¯»¨	ìÅßuÞPªuBßB¤¾|ªw¯Â¶à¥¯r¨>´ßB¤¾|®>³
Ì
³9¨>¨-ŁW=¨e
¢
Í²
á¦r¨ﬀ¯Ô¤t¦r¨mj»­ª¥¯r¨ª«
Ñ
üâ>"¥³°¬ªWÞØÞr­|¨®ﬀªW¾9¨>®¤t¨>©ã³¾|¯ØŁ¤t¦¨Z¤¾Bß¯r³	«O¨UÂ¶à¥¯r¨>´ßB¤¾|®>³ﬀ·ﬁß
Ý
|©¤t¦ª«Äsàﬀ¶¨ñä|³ ªw±¤Bßu|¯r¨ﬀ©ﬃ·
Ý
¦r¨=¨Uß³+ß
Ý
¥©¤t¦ª«ﬀØå¶B¨ﬀñæ|³ªw±¤Bßu|¯¨>©ﬃ·
Ý
¦¨>¯
¤t¦¨Ã®ﬀªW¾9¨>®ﬀ¤«Àr³¾¥ªw¯»$¨kìÅßuÞºªWBßB¤¾|ªw¯¶¥¯r¨>´ßB¤B¥®>³"|³ﬃßuÞØÞr­ª¥¨>©×PjªW1¤t¦¨Þºªw³¾U¤B¥ªw¯ ª«¤=¦r¨M¤
Ý
ª
­ª¥¯r¨>³·ß ³=¦U«î¤ª«@» ¹Øð¶B¨ﬀñç|³¨²èÞº¨>®ﬀ¤=¨>©ﬃ·ß³¤t¦r¨©é6¨=¨>¯?¤XìÅß­ª¨>³«OªW-Æ
Ì
ÆØ¿êën
yì
¹ØÙ¹Wﬀﬂ·
ÆØíÙî
y ì
¹ØÙ¹ﬂWsÍ=¨>³Hr­¥¤È¥¯©ØéP¨U=¨ﬀ¯?¤Èj»D«ïß®ﬀ¤=ªW=³7«OªWG¤=¦r¨"¬ªWÞÞr­¥¨U7®>ªu¾=¨ﬀ®ﬀ¤¾|ªw¯
Ì
ﬂ¿êën
yì
W¹u¹
¢
w·
ﬂíî
yì
WÙ¹W¹Ø«ﬀ?Í²Yâ1¦r¨¹¬ªWÞÞr­¥¨U»³=¦Ø¥«î¤©ØéP¨U=¨ﬀ¯r®>¨¹®Ußur³=¨ﬀ©Á±K¸¼¤t¦r¨lÞºªw³¾U¤B¥ªw¯|¯ØŁ°ª«¤t¦¨lŁw¨U»
´ß¯ª´ ©r¨¤t¨>®¤tªWqßB¤ﬁºP»B½Ë¿
ì
é
ÃÈß®ﬀ®>ªWr¯?¤=³;«OªW7­¥¨>³9³;¤=¦Fß¯»¹Ø¶¨ﬀñâ1¦r¨´¨«ßB³¾9¨>©³=¦U«î¤
ª«»¹Ø
Ì
 Í¶¨ñ
Ì
å
é
¹Øs¶¨ﬀñL·Øå
é
¹Ø
¢
¶B¨ﬀñÍÈßuŁu=¨>¨ﬀ³ﬁ=¨«ßB³=ªw¯FßB±r­¥¸
Ý
¨>­¥­
Ý
¥¤t¦¤=¦|³ﬁÞ9¨>©¥®ﬀ¤B¥ªw¯×
â
Ý
ª©é6¨=¨ﬀ¯K¤´¨ﬀ¤=¦rª©³ßÅ=¨%Þºªw³=³H|±r­¥¨¤tªÁ©|³	¤B¥¯ŁW¥³=¦±º¨ﬀ¤
Ý
¨>¨>¯Æ¤BBßB¯r³9«O¨ßB¯r©«Àr³¾¥ªw¯
®¦Fß¯¯r¨>­¥³UPá¦r¨>¯¤j»­|¯r¨ﬀ³"Þ=ªz©r®ﬀ¨>©4|¯ «Àr³H|ªw¯=¨«ßB®ﬀ¤B¥ªw¯r³7ßu=¨Ã¬ªWÞÞr­¥¨U"®>ªWH=¨ﬀ®ﬀ¤t¨ﬀ©
Ý
¥¤=¦
¤t¦¨L¤B¾ß¯r³9«O¨W¶|¯¨>´ßB¤B¥®>³ßÂ«ïß­|³9¨Þº¨«ßB¶Þºªw³¾U¤B¥ªw¯
Ý
¥­|­Ý±º¨Lªw±¤Bßu|¯¨>©ô¨ﬀ³¾Þº¨>®Uªß­|­U¸«OªW"´ÂªB»
©r­¥¨>³¥¯5«OªW
Ý
ßu=©;ß¯©±ß®¶
Ý
ßu9©°©=¨ﬀ®ﬀ¤B¥ªw¯×ÅðW³ﬁße=¨ﬀ³¾r­U¤7¤t¦r¨<«Àr³H|ªw¯­|¯r¨ﬀ³|¯5¤=¦r¨"¬ªWÞÞ»
­|¨	»$®>ªWH=¨>®¤t¨ﬀ©Ç³Hr´ ³¾Þº¨>®¤BHr´ ª«/ß­|­Ł©r¨ﬀ¤=¨>®¤tªW9³
Ý
¥­|­±º¨¹±=ªWß©r¨>¯¨>©×|ñ;¨¤M¤=¦|³´¨ﬀ¤=¦rªz©
Ý
|­¥­@±º¨%Þ9ªw±r­|¨ﬀ´1ß(¤B|®;¥«1¤=¦r¨®>ª¯K¤=¨>¯?¤¹ª«ßôÀr¨>³	¤B¥ªw¯Fß±r­¥¨%ÞP¨Uß¶ò|³L¤=ªª³9´1ß­¥­;¤=ª³=¦rª
Ý
³¾Łw¯ój®«ß¯?¤o±=ªﬂßB©r¨>¯¥¯Ł¯¤t¦¥³<®«ß³9¨-ß5´Â¨Uß³¾Ø=¨>´¨>¯?¤
Ý
U¤t¦ßL®Ußu=±ºªw¯¤=¨>³9¤1¤Bßu¾Ł¨ﬀ¤1®Uß¯
`b
	
bmÐe]}[^]ﬁ_eÏ>k~fkÐ
Ì
]ﬁÐ[^_"Z\k7ÎØô]ﬁ_

¢
s
±º¨·³=¨>©Z¤tªÄr¯FßB´5±ªŁurªWr³9­¥¸|©r¨ﬀ¯K¤¾¥«î¸Â¤t¦r¨­ª¥¯r¨u
¯Ã¤=¦r¨;ü²õY§
v
Ì Å<¬\¨Í
©
9¨«ß®¤B¥ªw¯M¤=¦=¨ﬀ¨q9¨«ß®¤B¥ªw¯L®¦FßB¯r¯r¨>­¥³Ł¦ßdì¨o±º¨>¨ﬀ¯5ªw±r³9¨Uì¨>©×uo¨>³H|©r¨ﬀ³
¤t¦¨¯¨U¤¾=ªw¯Üß¯r©¤t¦¨;ÞØ=ª¤=ªw¯¤BBßB¯r³9«O¨M®¦ß¯r¯r¨ﬀ­|³ª«;¤t¦r¨¹ü²õ
Ý
¥¤=¦Á¤=¦r¨¹©r¨U¤t¨U9ªw¯ﬃ·I¤t¦¨
«Àr³H|ªw¯ô¨	ìÅßuÞPªuBßB¤¾|ªw¯ô®¦ß¯r¯r¨ﬀ­
ø
¨
Å Ì ü²õP· Ñ üâ>
¢
¯Í¦Fß³W±P¨ﬀ¨>¯Á¨>¯r®ﬀªWr¯?¤t¨=¨ﬀ©×iâ1¦=¨ﬀ¨j»­ª¥¯r¨>³
®«ßB¯Ç±º¨ÄßB¤9¤B¾¥±¤=¨>©¤tª¤¾Bß¯r³H¥¤¾|ªw¯r³7|¯É¡õP·6«OªuW¤tª¤¾Bß¯r³H¥¤¾|ªw¯r³|¯ÁÉÅo­0·iß¯r©¤t¦Ø=¨>¨5¤=ª
¤B¾ß¯r³H¥¤B¥ªw¯r³l¥¯ Ñ ü¾â>â1¦r¨ «Àr³¾¥ªw¯»$¨kìÅßuÞºªWBßB¤¾|ªw¯Ä®¦Fß¯r¯r¨ﬀ­®«ß¯Ð±P¨ ³9¨UÞFßu¾ßB¤t¨ﬀ©Æ«À9ªw´ ¤t¦¨
¤B¾ß¯r³	«O¨U®¦Fß¯r¯¨>­|³"r³H|¯Ł¶|¯r¨ﬀ´1ß(¤B|®W®>ªw¯r³H|©r¨BßB¤¾|ªw¯³U
ÕÖ@?Ö£ö JÙ¼G}÷÷ùø"ÛD6ÚFEHG>I JØ/MHDÑú·M	ØÚFEHG>Ie÷
â1¦r¨"©éP¨U9¨>¯?¤ﬁ=¨Uß®ﬀ¤¾|ªw¯®¦Fß¯¯r¨>­¥³;ª±r³=¨ìw¨ﬀ©ﬃ·
Ý
¦r¨>¯¤t¦r¨Å<¬\¨¤ßuHŁw¨ﬀ¤ﬁ¥³r³=¨ﬀ©ﬃ·K¦Fß>ìw¨"±P¨ﬀ¨>¯
Þ9¨>³=¨ﬀ¯?¤t¨>©||¯ ¤t¦r¨«Oªw­|­¥ª
Ý
|¯ŁL¤=¦r¨M©r¨ﬀ¤=¨U=´;|¯ßB¤B¥ªw¯ª«G®=ªw³9³³9¨>®¤B|ª¯r³
Ý
¥­|­ﬃ±º¨©|³9®Ur³9³=¨ﬀ©×
â1¦r¨¨²èÞP¨¾¥´Â¨ﬀ¯K¤Bß­³=¨¤BÞ%ßB­|­|ª
Ý
¨>©¹¤tªÃ¨«ß³H|­¥¸5©r¨ﬀ¤=¨U=´;|¯¨ßB±r³=ªw­¤t¨"®U9ªw³=³@³=¨ﬀ®ﬀ¤B¥ªw¯r³ﬀ·³H|¯r®ﬀ¨
ß­¥­WÞr­¥³=¨>³«À=ªw´ ¤t¦r¨@¿
ê
» £õûeüÝ¬
ê¤ýﬁý
ð"Å
Ý
¨U9¨o®>ªur¯?¤t¨>©|¯ß"³9®«ß­¥¨Uﬀ·(³9ª"¤=¦FßB¤¤t¦r¨7¤=ª¤ß­
¯r´5±º¨U"ª«þü¡õ|ªw¯³
Ý
¦¥®¦¼¦FßB©+ÞFß³9³=¨ﬀ©¼¤t¦r¨M¤ßuHŁw¨ﬀ¤"©Ø¾|¯ØŁÂ±º¨«ß´Ã¤B|´¨
Ý
ßB³7ß>ìÅßu|­ªß±r­¥¨u
¯Äß©r©Ø¥¤B¥ªw¯¤t¦r¨<¯r´L±P¨Gª«j®ﬀªWr¯?¤t³¥¯L¤t¦r¨/ﬀðﬂﬀW¶B¨ﬀñß­|¯r¨;ª«
þÉ
õ
Ý
ß³7©r¨¤t¨=´;|¯r¨ﬀ©|¯ßj»
³¾Þº¨>®¤BHr´Ë®ﬀªW|¯®U|©¨>¯?¤
Ý
U¤t¦¤t¦r¨
ýÈý
ð"Å7Øáß¥¤=¦Â¤=¦r¨¶K¯rª
Ý
¯©r¨¤t¨¾r´ ßu=¨Uß­P©¨>¯r³H¥¤¸ª«
¤t¦¨Å<¬\¨<¤ßuHŁw¨ﬀ¤}ß¯r©¤=¦r¨¨

®|¨>¯®ﬀ¸ªB«¤=¦r¨\Łw¨=´ß¯r´à©r¨ﬀ¤=¨>®¤tªW9³Ø½ÈU¤
Ý
ß³>ÞPª³=³¾¥±r­|¨
¤tªÃ®«ß­¥®Ur­ªßB¤t¨¤t¦¨\ß±r³9ªw­ª¤t¨"®U=ª³=³<³9¨>®ﬀ¤¾|ªw¯³@«OªW¤t¦r¨ÞPªuÞr­ß(¤B|ª¯ªB«I¤t¦r¨¨²è®UU¤t¨>©°³9¤ß(¤t¨>³@ª«
þÉ
õ%ß³1«Oªw­|­¥ª
Ý
³S8

Ì
	

Í
ì


÷
	

p

Ø½

	







p






p


»B½Àî¾¿ª½Àê n
ì


÷
	

p
Ø½

	






p


»B½Àî¾¿½Àêﬀ n

ﬂﬁ

!ﬃ

ﬃ


	
 
ﬀ!#"%$
ﬃ
"%&"Bß')(*&+!,!-!
ﬃ
("¾ﬀ&+.0/1&W#"%$
ﬃ
&((UH
ﬃ
.2(
ﬃ
&/ﬃßm435'ª.
ﬃ
ß"6"*$
ﬃ7ﬃ
.83
ﬃ
HŁ9
	
8:

<;

	

ﬀ!="%$
ﬃ
.2>6?
ﬃ
@&/A3 ¾ß9!
:¼Ý
$Øﬀ(B$
Ý
ﬃ

ﬃ
&+?2!
ﬃ
ì
ﬃDC
ﬀ.E"%$
ﬃ
Ł
ﬃ
F3
>ß.ª>
Cﬃ
"
ﬃ
("*&Weﬀ.G(&Wﬀ.(U
Cﬃ
.2(
ﬃ
Ý
"%$H"%$
ﬃ
ýﬁý
ðJI
:
Ø½

	

!@"%$
ﬃ-ﬃ
.
ﬃ
¾Ł9
C2ﬃ
Þ
ﬃ
.
C
3
ﬃ
.K"ÇML
ý
ﬃ

(U
ﬃ
.2(9N&/@"%$
ﬃ
Ł
ﬃ
,>1ß.ª2>
Cﬃ
"
ﬃ
("*&W
:


ﬀ!O"%$
ﬃ
ÞFßuP"Bﬀ('
ﬃQC2ﬃ
"
ﬃ
("B&+.
ﬃ

(
ﬃ
.(9R&/"%$
ﬃ
ýﬁý
ðJI
:


ﬀ!#"%$
ﬃ
.2>-?
ﬃ
S&/T?
ﬃ
ß> ÞFßÅ,"B(D'
ﬃ
!#(D&W."
ﬃDC
.R"%$
ﬃ
ýﬁý
ðJI
:
ß.
C


p


»B½Àî¾¿ª½Àê nÜ!U"%$
ﬃVCﬃ
"
ﬃ
*&. ßu
ﬃ
ß'
C2ﬃ
.!¾"W9 ﬀ.X"%$
ﬃ
"Bßu¾Ł
ﬃ
"ŁW·ì
ﬃ
.ß.
ÞFßuP"B(D'
ﬃ
!BY(>
¨
âT$
ﬃ
ßu
ﬃ
ß'
C2ﬃ
.2!H"W9U&/Z"%$
ﬃ
I[\¨\"ßÅ¾Ł
ﬃ
"
:
¹Ø
u]>ŁKY(D>
¨
:
(D&WH
ﬃ
!¾Þ^&+.
C
!\"*&


p


»¾½ïîH¿ª½Àêﬀ n
ì`_2a
#b5¹8c
d*(D>
;
¨
ß.
C


p

%ef

ì
ﬁ
a
#b5¹c
d%(D>
;
¨

5"e!7ﬀ>;Þ^&W,"Bß.K""*&g.2&"
ﬃ
"%$Fß"@"%$
ﬃ-ﬃ

(U
ﬃ
.2(9h&/i"%$
ﬃ
ýÈý
ðJIj(Uß.2(
ﬃ
'ﬀ!k&u"k!*&7"*$Fß""%$!
>
ﬃ
"%$&
C
ß'ﬀ'&
Ý
!O"*&
C2ﬃ
¾4ì
ﬃ
ß?!*&+'"
ﬃ
(U,&+!*!7!
ﬃ
("Bﬀ&.2!
Ý
l"%$2&W"m"*$
ﬃHn
.2&
Ý
'
ﬃDC
Ł
ﬃ
&/o"%$
ﬃ
ﬃ

(
ﬃ
.(90&/T"%$
ﬃ
ýﬁý
ðJI7ﬁûo.
ﬃ
!,$2&W2'
C
ß'ﬀ!,&h?
ﬃ
ß
Ý
ßu
ﬃ
"%$ß".
ﬃDp
Fß"¾ﬀ&+.Sﬂﬁ
:
ß+Þ^&+!F3
!¾?2'
ﬃ
ß.ØŁW2'ßÅq(D&WH
ﬃ
'ªß"B&+.O&/r"%$
ﬃJﬃ
>;","
ﬃDC
A3 ¾ß<98!
Ý
"*$s"*$
ﬃ
$
ﬃ
ß>ì9
ﬃ
ß("B&+.ÞØ*&
C
2("È!
tﬁuå ÌMu
Z7Í\[^]ﬁ_a`b5[
u
]9_ﬃ]ced@f£Î|Ï"gÑÐe]h[^]qÎi[j]ceÍﬁ]ﬁ_ﬃf£Ò+]ﬁkl[
.
ﬃ
Ł+'
ﬃ
("
ﬃCZv
"%$
ﬃ
/1&W,>2'ªßﬀ!
ﬃ
èØß("/1&uß.!*&"¾*&WÞ(7A3 ¾ß<9
ﬃ
>;ﬀ!*!Hﬀ&+.
:
/1&WT&"*$
ﬃ
ﬃß.Łu2'ßu
C
!,"BHﬀ?"Bﬀ&.2!7ßm(D&WH
ﬃ
("B&+.H/ïß("%&Wﬀ!.
ﬃDﬃC2ﬃDC
Yðw(D&u¾
ﬃ
("¾ﬀ&+.E/ïß("*&W7!@.2&"@.
ﬃDﬃC2ﬃDC
/1&u
"%$
ﬃ
/À2'ﬀ'2x/ð7üÑü¤ßu¾¾ß9
:
ß!M"*$
ﬃ
ßuHBß9Þ
ﬃ
,>l"%!ß.;!*&"¾*&WÞØﬀ(
Cﬃ
"
ﬃ
("¾ﬀ&+.y&/^"%$
ﬃTﬃ
>l",3
"
ﬃC
A3 Bß98!Uz!Hﬀ.Ł@"*$ﬀ!{>
ﬃ
"%$2&
C
ß.
C
"%$
ﬃ\C
ß"ß7ß(D(2>2'ªß"
ﬃC
ﬀ.]"*$
ﬃ
ﬁ
_
$2&WM?
ﬃ
ß>6"B>
ﬃ
Ý
"*$mßÞFßu,"¾ﬀ('
ﬃ
¾ß"
ﬃ
&/È¹BüﬃÞØÞ2!
:
ß.mß?!*&+'"
ﬃ
(*&+!,!=!
ﬃ
("B&+.Q&/qﬁ|W¹

_
ﬀ

>-?Q$Fß!T?
ﬃﬃ
.
C2ﬃ
¾4ì
ﬃDC
/1&W{"%$
ﬃ
&8(D(¾
ﬃ
.2(
ﬃ
&/A"%$
ﬃ
ﬀ
_
ﬀ
nﬃ}
A3W'ﬀ.
ﬃ
&/¼þÉõ¼uâT$
ﬃTﬃ
¾*&u~(D&>ÞHﬀ!
ﬃ
!M!P"ß"¾ﬀ!P3
"B(«ß'
ﬃ
¾*&u*!
:
"%$
ﬃ\ﬃ
H*&W{&/2"*$
ﬃ
"Bßu¾Ł
ﬃ
"~"*$ﬀ(
n
.
ﬃ
!*!

+
:
ß.
C
"*$
ﬃ\ﬃ
¾*&u~&/2"*$
ﬃ
Ł
ﬃ
*>ß.2>
C2ﬃ
"
ﬃ
("%&W
ﬃ

(
ﬃ
.2(9

r+


ð@'l"
ﬃ
*.Fß"¾4ì
ﬃ
'9
:
"
Ý
ß!7Þr&+!,!¾?2'
ﬃ
"%&
Cﬃ
¾·ì
ﬃ
"%$
ﬃ
.à>-?
ﬃ
o&/q?
ﬃ
ß> Þßu,"¾ﬀ(D'
ﬃ
!
Ý
$ﬀ(B$$ß
C
ÞFß!,!
ﬃC
"%$
ﬃ
"ßuHŁ
ﬃ
"]?K9(&W2.K"B.ŁH"*$
ﬃ
þü õ{ÞFßu,"¾ﬀ('
ﬃ
!#"%$ß"
Ý
ﬃ

ﬃg
"%$
ﬃ
,/1&W
C
!*(Uß"*"
ﬃ

ﬃDC
?K9"%$
ﬃ
Ł+&+'
C
?Fß(
n
.ŁﬃâT$
ﬃﬃ
.
ﬃ
HŁ9!¾Þ
ﬃ
("¾¾2> &/-"*$
ﬃ0
L(D&u2.K"
ﬃ

:
.
Ý
$(B$"%$
ﬃ
þü²õ+ÞFßuP"B(D'
ﬃ
!
Ý
ﬃ

ﬃ
/À'ﬀ'9E!P"%&WÞÞ
ﬃDC
:
!*$2&
Ý
ﬃDC
ß7$ªŁ+$
ﬃ
.
ﬃ
HŁ9¤Þ
ﬃ
ß
n
ß","B¾?"
ﬃDC
"%&7"*$
ﬃ
!
ﬃ
ÞFßuP"B(D'
ﬃ
!U®W.Lß
C2C
l"B&+.R"*$
ﬃ
.2>-?
ﬃ
-&/=(D&W2.K"*!lﬀ."*$
ﬃ
ﬀ
_
ﬀ
nﬃ}
'ﬀ.
ﬃ
&/"þÉõ
Ý
ß!
C2ﬃ
3
"
ﬃ
*>;ﬀ.
ﬃC
.¤ßA3W!HÞ
ﬃ
("¾¾2>(D&W.2(U
C2ﬃ
.K"
Ý
"*$h"%$
ﬃ
?
ﬃ
ß>Þ2'!
ﬃ

ßU(D&uﬀ.2(
C2ﬃ
.2(
ﬃ
Ý
"%$+ß
ÞFßuP"B(D'
ﬃ]C2ﬃ
"
ﬃ
("%&W
Ý
ß!k.2&"-
ﬃDp
ª
ﬃDC
/1&W@"*$ﬀ!@>
ﬃ
"%$2&
C

Yð@!o"*$
ﬃ
ßu
ﬃ
ß'
C2ﬃ
.2!¾l"W9G&/"%$
ﬃ
C2ﬃ
"
ﬃ
¾ª> ﬀ.Ł"%$
ﬃ
"ßÅ¾Ł
ﬃ
"Çß.
C
"*$
ﬃ
Ł&+'
C
ﬀ.Ł"%$
ﬃ
?Fß(
n
.ŁÜß.
C
"*$
ﬃEﬃ

(U
ﬃ
.2(9&/@"%$
ﬃ
Ł
ﬃ
*>ß.ª>
C2ﬃ
"
ﬃ
("%&W
Ý
ß!
n
.2&
Ý
.U"%$
ﬃ
ß?2!,&+'ª"
ﬃ
(U,&+!*!)!
ﬃ
("B&+.U(&W2'
C
?
ﬃ@C2ﬃ
¾4ì
ﬃDC
2!¾.Ł


L

ì




L

p
Ø½

L
*

A
î¾¿B½Àêí êª»ﬃ


p
ð


î


þü
õ




p
ð

»B½Àî¾¿½Àêﬀ n
a

|

Ý
"*$
A
î¾¿B½Àêí êª»
ìOKK<K
DK<K 
sKK¡ D¢
DKK<K B ¢
£i¤

¤¥6¦

î¾¿B½Àêí êª»
¤8§
!¾.

º

¤
º
!ﬃ

ﬃ



	

!O"%$
ﬃ
.2>-?
ﬃ
y&/43Bß98!
:Ý
$(B$
Ý
ﬃ

ﬃ
&+?!
ﬃ
$ì
ﬃC
ﬀ.¨"%$
ﬃ
Ł
ﬃ
*>ß.2>
C2ﬃ
"
ﬃ
("%&WÈﬀ.s(D&uﬀ.2(
C2ﬃ
.2(
ﬃ
Ý
"*$m"%$
ﬃ
ß((
ﬃ
'
ﬃ
¾ß"%&u


:KA
î¾¿B½Àêí êª»\!q"%$
ﬃ
(U,&+!*!)!
ﬃ
("B&+.s/1&u
þü²õÞFßuP"B(D'
ﬃ
!~"%&k?
ﬃ
!*(Uß"*"
ﬃ

ﬃDC
ﬀ.-"%$
ﬃ
!*&+'
C
ß.ØŁ+'
ﬃ
(&dì
ﬃ

ﬃDC
?K9-"%$
ﬃ=
	
!Hﬀ'ﬀ(D&.
C2ﬃ
"
ﬃ
("%&W
:
]r

þü
õ

!"%$
ﬃ
.2>-?
ﬃ
o&/
þü
õÞFßuP"Bﬀ('
ﬃ
!(&W2.K"
ﬃC
.H"*$
ﬃO
	
!¾'ª(D&+.
C2ﬃ
"
ﬃ
("%&Weß.
C


p



îÄﬀ!@"*$
ﬃ
ßu
ﬃ
ß'
Cﬃ
.2!H"W9&/ÈŁ+&'
C
ŁW·ì
ﬃ
.{.4ÞFßu,"¾ﬀ('
ﬃ
!%Y(D>
¨

ß.ÜßÅ
ﬃ
ß'
C2ﬃ
.!¾"W9h&/
¹Ørs->ŁKY(D>
¨
(D&WH
ﬃ
!¾Þ^&+.
C
!="%&


p



î
ì
Obz¹8c@É*(>
;
¨


ð@!m?
ﬃ
/1&W
ﬃ
:
"*$
ﬃ
/1&u*>2'ªß4ŁW4ì
ﬃ
.9.
ﬃDp
Fß "Bﬀ&.ã|Ü!m&+.'9
ﬃ
èØß("7/1&Wß.w!*&"¾*&WÞØﬀ(%A3
ﬃ
>;ﬀ!,!¾&+.Sß.
C
ß(D&u¾
ﬃ
("¾ﬀ&+.0/ïß("%&Wﬀ!-.
ﬃﬃDC2ﬃC
"*&{ß(D(&W2.K"O/1&WO&"*$
ﬃ
lß.ŁW2'ªßu
C
!,"BHl3
?"¾ﬀ&+.!U®A&Wk"%$
ﬃ
&((UH
ﬃ
.2(
ﬃ
&/\"%$
ﬃ
ﬀ
_
ﬀ
nﬃ}
A3W'ﬀ.
ﬃ
&/>þÉõzßtìÅß'ª
ﬃ
&/7rsW
t
c@É5©
;8ªWª
>-?

ﬃ
!¾2'l"%!T/À*&>«"%$Øﬀ!=>
ﬃ
"%$2&
C
âT$
ﬃ
'ªßu¾Ł
ﬃkﬃ
¾,&W>ﬀ!
C

ﬃ
"*&y'ßuHŁ
ﬃ
Ł
ﬃ
&+>
ﬃ
"BHﬀ(e2.2(
ﬃ
P"ßu."¾
ﬃ
!
ﬀ.¨"*$
ﬃ
Þ
ﬃ
!
ﬃ
.K"
ﬃ
èÞ
ﬃ
¾>
ﬃ
.K"ß'T!
ﬃ
"BØÞ×ﬁð@!O"%$
ﬃ
?
ﬃ
ß>¬!¾Þ^&"y&/J"%$
ﬃQﬃ
èÞ
ﬃ
Hﬀ>
ﬃ
.K"s$Fß!;ß
óA.l"
ﬃ
¾ß
C
2!
:
"%$
ﬃ#
"*$
ﬃ
P/1&W
C
35!*(Uß"*"
ﬃ
¾.Ł->
ﬃ
"*$2&
C
"
ﬃ
.
C
!"%&l2.
C2ﬃ

ﬃ
!,"¾ﬀ>ß"
ﬃ
"%$
ﬃ
(*&+!,!
`b
	
bmÐe]}[^]ﬁ_eÏ>k~fkÐ
Ì
]ﬁÐ[^_"Z\k7ÎØô]ﬁ_
tﬁ­
!
ﬃ
("¾ﬀ&+.
C

ﬃ
"*&U"%$
ﬃ
Þr&!¾"¾4ì
ﬃ
!
ﬃ
(D&.
CC2ﬃ
H4ìÅß"¾4ì
ﬃ
&/M"*$
ﬃ-
"*$
ﬃ
P/1&W
CGC
é
ﬃ

ﬃ
.K"Bß'(*&+!,!
!
ﬃ
("¾ﬀ&+.×YW.

L  3 £õûeü[kL"*$
ﬃ
'ªßu¾Ł
ﬃ
!
ﬃ
Ł+>
ﬃ
.K"
ﬃCR
L~3FL!¾'ªﬀ(&+.
C
ﬀ!,(-(D&W."
ﬃ
e.h/1&WP3
Ý
ßu
CVC
ª
ﬃ
("Bﬀ&.
Ý
'ﬀ'
ﬃ
.Fß?'
ﬃ
ßE>s&W
ﬃOC2ﬃ
"Bßuﬀ'
ﬃDC
ß.Fß'98!¾!k&/\"*$
ﬃs
"*$
ﬃ
P/1&W
C
!*(Uß"*"
ﬃ

ﬃDC
þü²õÜÞFßÅ,"B(D'
ﬃ
!UÑ5"
Ý
ﬀ''i"*$2!-?
ﬃ
Þ^&+!*!Hﬀ?2'
ﬃ
"*&+2!
ﬃ
"
Ý
&¤ß'"
ﬃ
*.ß"B·ì
ﬃ
>
ﬃ
"%$2&
C
!]"*&h&+?"ßu.
ß?2!,&+'ª"
ﬃ
(U,&+!*!J!
ﬃ
("¾ﬀ&+.2!
ð@!T"*$
ﬃ
ß?2!*&'ª"
ﬃ
(U*&!*!=!
ﬃ
("B&+.Q/1&W"%$
ﬃ
&8(D(¾
ﬃ
.2(
ﬃ
&/{"*$
ﬃ
!,"B,&+.Ł
ﬃ
!," A3W'ﬀ.
ﬃ
$ß
C
?
ﬃﬃ
.
C2ﬃ
"
ﬃ
,>.
ﬃDC
:
l"
Ý
ß!lßÅﬀ>
ﬃDC
"%&
CﬃDC
2(
ﬃ
ß?2!,&+'ª"
ﬃ
(*&+!,!6!
ﬃ
("¾ﬀ&+.!]/1&Wß'ﬀ'A3W'ﬀ.
ﬃ
!k/À*&+>

ﬃ
'ß"¾4ì
ﬃ
(U,&+!*!=!
ﬃ
("¾ﬀ&+.2!FW.+ßO­O$2&uT?
ﬃ
ß>6"¾ﬀ>
ﬃ
Ý
"*$mßy(¾
ﬃ
.K"J&/
_
¹Þð

ﬃ
'
ﬃ
("BHﬀ(«ß'
:
(D&u¾
ﬃ
!¾Þ^&+.
C
.Ł7"%&7|Øª¹uÉ7ÞÞ2!

ß1Ł
ﬃ
,>1ß.ª2>®!HÞ
ﬃ
("BH2>
Ý
l"%$G$ØªŁ+$G!P"ß"¾ﬀ!P"Bﬀ(!
Ý
ß!eß(¡3
(U>2'ß "
ﬃDC
:
!*&k"%$ß"ﬁ
ﬃ
'ß"¾4ì
ﬃ
(*&+!,!i!
ﬃ
("B&+.2!i(D&W'
C
?
ﬃJCﬃ
"
ﬃ
*>;ﬀ.
ﬃC
Wâ&WŁ
ﬃ
"%$
ﬃ

Ý
l"%$O"%$
ﬃ
n
.2&
Ý
.4ß?2!,&+'ª"
ﬃ
(U*&!*!J!
ﬃ
("B&+.2!/1&u="*$
ﬃ
ﬀ
_
ﬀ
nﬃ}
'ª.
ﬃ
&/þÉ¡õ"
Ý
ß!J"*$à!7Þ^&+!*!Hﬀ?2'
ﬃ
"*&
(«ß'ﬀ(U'ß"
ﬃ
ß?2!,&+'ª"
ﬃ
(U*&!*!=!
ﬃ
("B&+.2!=/1&W"ß''
C2ﬃ
"
ﬃ
("
ﬃC
A3W'ﬀ.
ﬃ
!U
ð'ﬀ!,")&/^ß''PA3¯"BBß.2!¾l"Bﬀ&.2!\&+?!
ﬃ
$ì
ﬃC
!\(D&>Þ'
ﬃC
ﬀ.1âß?'
ﬃ
Wàð@!"*$
ﬃoC2ﬃ
"
ﬃ
("%&W\!*$l/°"
ﬀ!ﬁ.2(D'
C2ﬃDC
.s"*$
ﬃ
[o&WÞÞ2'
ﬃ
q(D&u¾
ﬃ
("¾ﬀ&+.
:
ß'ﬀ'2>
ﬃ
ß!H
ﬃCUﬃ
.
ﬃ
HŁW
ﬃ
!qßÅŁW
ﬃﬃ

ﬃ
ß!,&+.Fß?2'l9
Ý
ﬃ
'ﬀ'
Ý
"*$7"%$
ﬃ
'"
ﬃ
Bß "B
ﬃ
ìÅß'ª
ﬃ
!S±Úª*­Wﬀt²@FA&W}ÞØ*&+>;ﬀ.
ﬃ
.K"'ª.
ﬃ
!)"%$
ﬃkﬃ
¾*&u>ﬀ!
C2ﬃ
"
ﬃ
*>;ﬀ.
ﬃC
?9
"%$
ﬃ
Þ^&+!¾l"B&+.ﬀ.ØŁﬃ.2(
ﬃ
,"ßÅﬀ.K"W9S&/"*$
ﬃ\C2ﬃ
"
ﬃ
("%&u{>s&
C
2'
ﬃ

ﬃ
ÙŁØt"*$
ﬃ
"¾ﬀ'l"®ß.Ł+'
ﬃ
&/Fß
Cﬃ
"
ﬃ
("*&W
Ý
"*$%
ﬃ
!¾Þ
ﬃ
("T"*&-"%$
ﬃ
ß´èﬀ!\/À,&+>³"*$
ﬃ
"Bßu¾Ł
ﬃ
""%&-"*$
ﬃoC2ﬃ
"
ﬃ
("%&u
:ØÝ
$(B$ﬀ!\.&">ﬀ.(D'ª
C2ﬃDC
.
"%$
ﬃ
[o&WÞØÞ2'
ﬃ
q(D&WH
ﬃ
("B&+.

üÑßuHŁ
ﬃ

ﬃ
¾*&u*!i/1&Wi!*>ß'ﬀ'
ﬃ
M'ﬀ.
ﬃ
!È
ﬃ´Aﬃ
(""%$
ﬃJC


(2'"W9O"*&
ﬃ
è3
ß("%'96'ﬀ&8(«ß"
ﬃ
"%$
ﬃ
!
ﬃ
'ﬀ.
ﬃ
!ﬀ.-"%$
ﬃ
!HÞ
ﬃ
("¾¾2>mﬂâT$
ﬃ
$ªŁ$
ﬃ
.
ﬃ
¾Ł9O'ﬀ.
ﬃ
ß"|ﬂs
_
å
nﬃ}
$Fß!q"%$
ﬃ
'ßÅ¾Ł
ﬃ
!,"
ﬃ
¾,&W
:
ß!"*$
ﬃ-ﬃ
.
ﬃ
HŁ9h(Uß'ª?Bß "Bﬀ&.+ß?^&dì
ﬃ
|ﬂﬁ7x
ﬃ}
!
p

ﬃ
!,"B&+.Fß?'
ﬃ
|A&W
ﬃ
ß(B$
'ª.
ﬃ
"*$
ﬃ
(D&+.K"
ﬃ
.K"
Ý
ß!
C2ﬃ
"
ﬃ
,>.
ﬃDC

!
ﬃ
(D&.
C
(&+'ª2>s.

ß.
C
"*$
ﬃ

ﬃ
'ß"¾4ì
ﬃ
(U*&!*!S!
ﬃ
("B&+.
Ý
"*$Ä
ﬃ
!HÞ
ﬃ
(")"%&k"%$
ﬃ
þÉ¡õO'ª.
ﬃ
ß"qﬀ
_
ﬀ
nﬃ}
Ý
ß!
C2ﬃ
"
ﬃ
,>.
ﬃDC
Wð@.ß?2!,&+'ª"
ﬃ
(U*&!*!!
ﬃ
("B&+.
&/ﬁ|W¹g>-?
:
"*$
ﬃ
ìÅß'ª
ﬃ
&/"%$
ﬃ
ó*!,"]>
ﬃ
"%$&
C
:YÝ
ß!ß!,!¾2>
ﬃDC
/1&Wk"%$
ﬃ
ﬀ
_
ﬀ
nﬃ}
'ª.
ﬃ
:
ß!
"%$
ﬃ]ﬃ
¾*&u*!J&/~"*$
ﬃ
ìÅß'
ﬃ
&+?"Bßuﬀ.
ﬃC
/À,&+>µ"%$
ﬃ
!
ﬃ
(D&.
C
>
ﬃ
"%$&
C
Ý
ﬃ

ﬃ
"%&8&m'ªßu¾Ł
ﬃ
Pﬀ.ß'ﬀ'l9
ß?2!,&+'ª"
ﬃ
(U,&+!*!J!
ﬃ
("¾ﬀ&+.2!
Ý
ﬃ

ﬃ]C2ﬃ
¾·ì
ﬃDC
/1&W"ß''|A3W'ﬀ.
ﬃ
!&+?2!
ﬃ
ì
ﬃDC

'ß!P"T(D&'ª2>s.


á$'
ﬃ
"*$
ﬃ
(U,&+!*!y!
ﬃ
("¾ﬀ&+.2!


	

/1&u-"%$
ﬃ
&8(D(¾
ﬃ
.2(
ﬃ
&/ß¤A3 ¾ß<95ß";ßG(
ﬃ
,"Bßuﬀ.
ﬃ
.83
ﬃ
HŁ9
	

ßu
ﬃ]C
ª
ﬃ
("*'9mß((
ﬃ
!*!¾?2'
ﬃ
ﬀ.A3 Bß9E!¾Þ
ﬃ
("B,&+!*(&WÞK9G>
ﬃ
ß!H
ﬃ
>
ﬃ
."*!"*$
ﬃ

ﬃ
'
ﬃ
ìÅß.K"
!¾Þ
ﬃ
("B,&+!*(&WÞﬀ(
C
ß"Bßﬀ!i"%$
ﬃ
(U,&+!*!)!
ﬃ
("B&+.
A¶

	

"*&
C

ﬃ
("%'l9ÄÞr&uÞ2'ß "
ﬃ
(
ﬃ
P"ßu.
ﬃ
è("
ﬃDC
'
ﬃ
ì
ﬃ
'ﬀ!k&/qß7.2(D'
ﬃ
2!i\&"*$
n
.
C
!k&/(*&+!,!k!
ﬃ
("B&+.2!-ßu
ﬃ
'ªﬀ.
nﬃDC
?K9H"%$
ﬃ
?¾ß.2(B$.ŁBß 3
"B&+!@/1&Wo"*$
ﬃOC
é
ﬃ

ﬃ
.K"
C2ﬃﬃ
è(Ul"ß"¾ﬀ&+.·(B$Fß.2.
ﬃ
'!#&/qßQ(
ﬃ
P"ßu.
ﬃ
è(Ul"
ﬃDC
!,"Bß"
ﬃ
×á$ﬀ'
ﬃ
"%$
ﬃ
?¾ß.2(B$.ŁBß"¾ﬀ&+!@/1&uo"%$
ﬃOC2ﬃ
(«ß9·&/
ﬃ
è("
ﬃC
!P"ß"
ﬃ
!#&/qþÉ¡õ¤Þr&WÞØ2'ß"
ﬃDC
.·"*$ﬀ!
ﬃ
èÞ
ﬃ
¾¸3
>
ﬃ
.K"eßu
ﬃ
ß'ª
ﬃ
ß
C
9
n
.2&
Ý
.
:
ﬀ./1&W,>1ß "Bﬀ&.ß?r&u"@"*$
ﬃ
'
ﬃ
ì
ﬃ
'~!,(B$
ﬃ
>
ﬃ
ß.
C
"%$
ﬃ
?¾ß.2(B$.Ł
Bß "Bﬀ&!k&/ .
n
.2&
Ý
.0.2(D'
ﬃ
ﬁﬀ.@ì
ﬃ
!,"¾ªŁﬂß"
ﬃDC
ﬀ.

L

3 £õûeü[kL
ﬃ
èØÞ
ﬃ
Hﬀ>
ﬃ
.K"%!S$Fß>ì
ﬃ
"%&E?
ﬃ
<|W¹ ÌMu
Z7Í\[^]ﬁ_a`b5[
u
]9_ﬃ]ced@f£Î|Ï"gÑÐe]h[^]qÎi[j]ceÍﬁ]ﬁ_ﬃf£Ò+]ﬁkl[
L

±
nﬃ}
² 
<;
W¹
y
½Àêlº½ï» 
ﬃ
ß("¾ﬀ&+.E»j"BBß.2!¾l"Bﬀ&. ¼%½
 

¢
¼ ½
 
ü5¾F¿
¢


L

±À>6?²
ﬀ
_
ﬀ



PÁÂKÁ

<­ﬂu¹u¹

+

þÉ¡õ~84|
p
ﬁ
;
c
v
s
p
ﬁ
;
x y
 ﬁ|W¹

_
ﬀ

Ã
`Ä
 Å
Å¹W¹ þÉ¡õ~84|
p
ﬁ
t
c
v
|
p
ﬁ
;
c
Å
|+
Å

<|
_
s

|


Ä Æ
ÂÁ

¹W¹W¹

_
¹K

þÉ¡õ~84|
p
ﬁ
;
¨
v
|
p
ﬁ
;
c
åK ﬁu¹

¹


ÄtÆ
Ã+Ã
 Å
_
¹W¹ þÉ¡õ~8¼s
p
ﬁ
;
c
v
|
p
ﬁ
;
c
Å
|+
Å

<­­+|

ﬁ


ÄÇÇ È

|Ø¹W¹

¹K

þÉ õ~84|
p
ﬁ
;
¨
v
s
p
ﬁ
;
x y
ﬁ­K ﬀﬂ

r

C
&W2?'
ﬃ
" þÉ¡õ~8i
p
ﬁ
;
c
v
|
p
ﬁ
;
c

È8ÉtÈÆ
 Å
|u¹W¹ þÉ¡õ~8¼s
p
ﬁ
;
c
v
s
p
ﬁ
;
x y
Å
|+
Å

rsﬁWs

|


Ä
Ã
È
Ã

åW¹W¹

ﬁu¹K

þÉ I\'8i
p
ﬁ
t
c
v
|
p
ﬁ
t
x y
ﬀK |ﬂ

¹

|Ø«¹Ø




ÆÉ Ê
Á

|Kﬁu¹W¹

¹K

þÉ¡I\'8¼
p
ﬁ
t
c
v
|
p
ﬁ
t
x y
_
+ ¹ﬂ

ﬁW

C
&u2?2'
ﬃ
"

Æ8ÄÉÆ

þÉ¡I\'8¼s
p
ﬁ
;
c
v
|
p
ﬁ
t
x y
|ﬂs
_
å

¹


Æ
ÃÂ
Ä

|W¹W¹

Å¹K

þÉ¡I\'8¼
p
ﬁ
;
c
v
|
p
ﬁ
t
x y
+ ¹



å­W¹




Ê+Ê+Ç

ﬀWåW¹W¹

åK

¾F¿Bâ>84ﬁ
t
c
v
¹
t
x y
åﬂ+ ﬁu¹W¹

_


¹
_
­

|


ÄÉ
Â
Ç

åW¹W¹

_
¹K

¾F¿â>8A|
;
c
v
_
t
c
Wt ﬁW

¹

W<ﬁ+ﬁ




Ä+ÄÈÄ

Wu¹W¹

¹K

¾F¿â>8
_
t
c
v
ﬁ
t
c
sWs+ åW¹

_
¹

tﬁÅå+­

ﬁ


Ä<ÈKÊKÇ

<­W¹W¹

ﬁu¹K

¾F¿
â>8Fﬀ
t
c
v
_
t
c
ﬁuåK ﬀﬂ

ﬁu¹


ﬃ
ß("¾ﬀ&+.!S8
þÉ
õmË
¨
!

þW¿
õ
:
þÉ
õ

Þ
:
þÉ
I\'rË
¨
!

þW¿
õ
:
þÉ
I\'

.
:
¾F¿
â>rË
c
¨
I

þW¿
õ
:
¾F¿
â>°ﬁ.

â^ß?2'
ﬃ
!8È¦BÌÍtÎWUOÏAÐ%ÑÒÍrUsÓﬂÔDÓÕÒÍ¤¥rRÌª«tÔ%Ò¬Í4þW¿¡¦|§
vÖ
¨ÇrÄKÍ4 ÍrÌÎ×4u¸
­2Ø¯­°²±TÙÚ6Ø^ÛkÍr°gÜlÝ\ÜÞZßààOÎWÌ@\KÍ+Òﬂáﬂ Ó2áKÑ ·rTâP»B½Ë¿£ÁeÂã
ÃTä
´#árHÓ1¸ÀKÌ^¥rÄ«Ð
¡áKÌÅÍØ}³"¥rÓr£
ä
Ìª¤£µBÍÒÍÜzÂw¥ráKÌ-åu«ﬂ%Ò7
ä
Ò ¥5VÔáKÌ¯ÌªÍ1u¸·¶Kæ tß
ç
 Ñ ÔBÌèÒ Ô«KÑﬂé4ÔUKÌèÌU¡WÍtÓÒﬂÍtÎÄUêÙ¹
É
ﬂr*ëØ
ÜìÍ¥rOí^ÌkÔUÑáﬂ]Í¥rÄÍrÌﬀÎÒ¬-¡î´BÌËtÔÓ+¸WÌ ØﬂKÑ  ÌÐ5ÔUKÌ¯ÌªDÔÓ4²uDÔ²BÌË%ÌªsÔØ=Ð
´ÌªDÓ
ä
Ò ¥Ä¥rUÑÒ ÌrBáKÌª-ï´ÑárU
ç
ÒﬂÍ´ÌªÍ¥r¡Ò %ëØ~ðÅKÌ¥rÇﬂKÑ ÌMÔUKÌ¯ÌªDÔ%Ò Í;¥rlÐ
 ÌØ ÌèÒ¬rµtÒﬂÍr´\%ÒñÔ
ä
 Ì-ﬂﬂKÑÒ DÓ
ç
£U¥+ÒﬂÌÓyÔÑáﬂSÍëØà³ﬃ¥r]ãÂWÂW­Äµ±LBÌËKÍrBÒ %Ò¬ÍyÒÍ
þÉ
¦
Ò¬7óò,Ì«KÑ ô7ÓﬂáKåKÑ ²¡éY¥r
þÉ
Ö
ÑBÌËKÍrBÒ %Ò¬Í
ä
Ò ¥ ÍrÌﬀÎÒ¬\u¸ê+æWÊõµ±ÛKÍtÓQêã<æ+êmµ±NÌª
Ñ 8Ô«DÓÄàOÔÑ uH\+Îu¥rÌigåuoÔUØ·KÑ ²Ñ ×mÌªU£Ñ ïrÓ4Ø³ﬃ¥KÌªUWuHBÒﬂåKÑ 
þÉ
¦GÑÒﬂÍré
ä
¥+Ò ÔÅ¥
ä
 ÌSÍruår£ÌïrDÓmÒÍ7¥+Ò "«r¡áKÌÅÍ¡éÌªkÒÍtÔÑátÓﬂDÓmÒÍ7¥rﬃ³iåKÑ +Ø2ð´KÌ|U Ô´¥@ÏAÐ%ÑöÒﬂÍr>¥r
ÔUÍÍ\Å¸q¥rÇu«ﬂµ
ä
rkÓﬂ Ì#ÒﬂÍrDÓ
ç
£DÔUÍtÓhÔUÑáﬂSÍëWÌ@SÒ  %ÒﬂÍtÎ%¥ryÓﬂ Ì#ÒﬂÍ´%Ò¬Í
u¸=Ì Ñ¬%Ò ïrOÔ ÌW£eHÔ%Ò Ír
ç
¸ÀáKÌ¥UÔÑáﬂSÍëØrß\¥rÄår£ÑáOÔÌuHe£DÔ²%Ò¬Í¸ÀÌ¥r;8ÔÐ
ÔáKÌèÌ ÍtÔUeu¸i¥rkõÅ¶Kõ;µ²±ÑÒﬂÍr7u¸iþÉ¦
ä
rÓﬂÌ@SÒÍrDÓ;¡îàuÌèÒ7 Í£ÑÑ ×é^Ò 
ä
rWuHBÒﬂåKÑ 7
Ô«KÑ Ô áKÑ¬7Kår£ÑáÔÌuHÈHÔ%Ò ÍrÈ¸ÀKÌ|ÑÑtÏ4Ð*ÌË×rﬁår£ÌïrDÓ
ç
í¸Ë¥oÔUÑáﬂ]Íéï´ÑárUTÌáKÍtÓﬂDÓ
]áKÑ %Ò
KÑ >u¸{÷ëØ
`b
Â
bmÐe] ø}[^]ﬁ_eÏ>k~fkÐQø
Ì
]ﬁÐ[^_"Z\k7ÎØô]ﬁ_
<|
7/2-
3/2-
1.39753/2+ (5/2+)
1/2-
1.9919
2.6379
3/2-
32
7/2- (5/2-) 2.02291992
0.6462
0.0
646
1992
1377
2023
1346751
5/2- (7/2-) 2.5148
100
100
100
100
100
61
ŁW
ﬃ
<|n8^à´ïrÑÅPÔÅ¥rÅ\u¸
þÉ
¦ùﬀðÒÌËÂ+õú5ØÏAÐBÌËKÍr¡Ò %Ò¬ÍrÓﬂÔDÓ7ÒÍ\¥r7BîàWÌ
Ò
ÍÈÌª
7ÌµÓ
ä
Ò ¥¥+ÒñÔÅµ· Ì¯Ì
ä
Ø
<|Kﬁ ÌMuû
Íoü{ýiþ ß

ü
u
ýÕþJý£Î|Ï	ÑÐký ü{ýqÎ üóýeÍiýiþ
£ÒhýOü
L¯±
nﬃ}
² !¾Þ.

½ﬀ±ñ>-?²

¿ﬀ¾½

c
±ñ>-?²

¿ﬀ¾½
 ¨±ñ>-?²
ﬀ
_
ﬀ
|KY+ﬁ
;
ru¹

_
­

åW¹ ¹ﬂ
<­+­+ﬁ |KY+ﬁ
;
ﬁW

W

3 3
ﬁ
ﬀ
|uå tY+ﬁ
;
ﬀ
¹


ﬀ

­ﬂ ﬁW
â^ß?2'
ﬃ
ﬁ98
Ö
Ø·´ÌèÒ HÍeu¸¼¥rﬃBîàW ÌèÒ
Í£KÑuÍtÓSÔ«KÑ Ô áKÑ¬DÓ7ùﬀàÅÍ´ÂuÊå<ú^ÔÌuHﬁ£DÔ%Ò Ír¸ÀKÌ
¥r-WØKáKÑ r%Ò Íeu¸Y¥r
ç
êﬃﬂu­Kë
;
KÍtÓ
ç
ãﬂu­Kë
;
£rJÒﬂÍ þÉ ¦é ä ¥+ÒñÔÅ¥· ÌJÓﬂØSÒÍ´rÓUå×-­
þ! 
¨
KÍtÓ1­
c 
¨ ¡ÒÍtÎÑ OÍr áBÌÍ6ÔUÍ<íÎáKÌË%Ò¬ÍréZÌªU¡WDÔ²%Ò ïr Ñ ×DØ
ﬃ
è8"¾Bß("
ﬃDC
/À*&+>³"%$
ﬃ
>
ﬃ
ß!H
ﬃ
>
ﬃ
.K"


ﬃ
'ß"¾4ì
ﬃ
.K"
ﬃ
.!¾"¾
ﬃ
!
:
ß.ØŁW2'ßÅ
C
ﬀ!P"BHﬀ?"¾ﬀ&+.!
:
ÏA3¯Ï43
(D&uﬀ.2(
C2ﬃ
.2(
ﬃ
!
:
ÏA35ÏA3ß.ŁW2'ªßu(D&u¾
ﬃ
'ß"¾ﬀ&+.!>ß.
C
!*&y&+.


áß"*$s"*$
ﬃ
ßu
C
&/r"%$
ﬃ
'
ﬃ
ì
ﬃ
'4!*(B$
ﬃ
>
ﬃ
ß.
C
"%$
ﬃ
?¾ß.2(B$.Ł¾ß"B&+!q&/YþÉ¡õ

!
ﬃDﬃ
ªŁu
ﬃ
<|

"]$Fß!]?
ﬃﬃ
.5Þ^&+!,!¾ﬀ?'
ﬃ
"%&h(Uß'ﬀ(2'ß "
ﬃ
"%$
ﬃ
Þr&WÞØ2'ß"¾ﬀ&+.·(*&+!,!-!
ﬃ
("B&+.2!^âT$
ﬃ
Þr&WÞØ2'ß"¾ﬀ&+.
&/M"*$
ﬃﬃ
.
ﬃ
Łﬂß"B·ì
ﬃ
ÞFßu¾l"W9Q'ﬀ&
Ý
!¾ÞØﬀ.h'
ﬃ
ì
ﬃ
'ﬀ!$Fß!o?
ﬃDﬃ
.G&+?2!
ﬃ
$ì
ﬃDC
8×âT$
ﬃ
(*&+!,!o!
ﬃ
("B&+.H/1&u
"%$
ﬃ
Þ^&WÞ2'ªß"B&+.Q&/M"*$
ﬃ
!
ﬃ
(&+.
C

|KY+ﬁ

;
'
ﬃ
ì
ﬃ
'(Uß.h?
ﬃ6C
ª
ﬃ
("*'9
C2ﬃ
¾·ì
ﬃDC
/À*&+> "*$
ﬃ
(*&+!,!
!
ﬃ
("¾ﬀ&+.V&/"%$
ﬃ
ÏA3W'ﬀ.
ﬃ
ß"Ä<|
_
ﬀ
nﬃ}
ß.
C
"%$
ﬃyn
.2&
Ý
.?ØBß.2(B$Øﬀ.ŁBß "Bﬀ&Ø×A&Wo"%$
ﬃ
(*&+!,!
!
ﬃ
("¾ﬀ&+.g&/"*$
ﬃ

<Y+ﬁ

;
'
ﬃ
ì
ﬃ
'
:
"%$
ﬃ
Þr&WÞØ2'ß"¾ﬀ&+.s&/"%$
ﬃ
!
ﬃ
(D&+.
C

|+Y+ﬁ

;
'
ﬃ
ì
ﬃ
'Z.
ﬃDﬃDC
!"%&O?
ﬃ
n
.2&
Ý
.
:
ß!@"*$
ﬃ
ÏA3W'ﬀ.
ﬃ
ß"l<­+­+ﬁ
nﬃ}
!eß
C
&W?2'
ﬃ
"«#"W.·&W
C2ﬃ
"%&
C2ﬃ
"
ﬃ
,>.
ﬃ
"*$
ﬃOC
ª
ﬃ
("
Þ^&WÞ2'ªß"B&+.·(U*&!*!-!
ﬃ
("¾ﬀ&+.&/"%$
ﬃ
óF,!,"
ﬃ
è(U"
ﬃDC
!P"ß"
ﬃ
:
"%$
ﬃ

|KYﬁ

;
'
ﬃ
ì
ﬃ
'qß"
ﬀ
_
ﬀ
nﬃ}
:
"%$
ﬃ
/
ﬃDﬃC
ﬀ.Łm/À*&+>"%$
ﬃ

tYﬁ

;
ß.
C
"*$
ﬃ

|+Y+ﬁ

;
¨
'
ﬃ
ì
ﬃ
'{$Fß!"*&7?
ﬃ
!¾2?"BBß("
ﬃC
/À*&+>®"%$
ﬃ
"%&"ß'Z(*&+!,!!
ﬃ
("Bﬀ&.Q"*&m&?2!
ﬃ
ì
ﬃ
"%$
ﬃ
ﬀ
_
ﬀ
nﬃ}
ÏA3W'ﬀ.
ﬃ

âT$
ﬃ
ß?2!*&'ª"
ﬃ
(*&+!,!6!
ﬃ
("¾ﬀ&+.V/1&WS"*$
ﬃ
Þr&WÞØ2'ß"¾ﬀ&+.·&/\"%$
ﬃ

|KYﬁ

;
c
35'
ﬃ
ì
ﬃ
'Èß"
ﬀ
_
ﬀ
nﬃ}
!
ru¹

_
­

>-?
:
/1&uJ"*$
ﬃ

|KY+ﬁ

;
¨
3W'
ﬃ
ì
ﬃ
'®ß"<­+­Kﬁ
nﬃ}
"ﬃﬀ!@ﬁW

W

>-?+ß.
C
/1&uJ"*$
ﬃ

tY+ﬁ

;
'
ﬃ
ì
ﬃ
'ﬁß"]ﬁ
ﬀ
|Wå
nﬃ}
"-!
ﬀ
¹


ﬀ

>-?|×ð !¾2>s>ßu,9H&/"%$
ﬃ
(U,&+!*!#!
ﬃ
("¾ﬀ&+.!·!k(D&+>;Þ'
ﬃDC
ﬀ.zâß?'
ﬃ
ﬂﬁà^âT$
ﬃ
"
Ý
&!,"Bß"
ﬃ
!
Ý
$(B$Lßu
ﬃ
>m&+!P"-!P"B*&.Ł+'9òÞ^&WÞ2'ªß"
ﬃC
(&W¾
ﬃ
!¾Þ^&+.
C
"*&
"%$
ﬃ
þW¿²õ·(D&W
ﬃ
Þ2'2!ßE!Hﬀ.Ł+'
ﬃ
.
ﬃ
"¾*&+.zﬀ.·"%$
ﬃ
ﬁÅÞ
þ! 
¨
ß.
C
ﬁÅÞ
c 
¨
!*$
ﬃ
'ﬀ'
:

ﬃ
!HÞ
ﬃ
("¾4ì
ﬃ
'9u®ð!
ﬃ
èÞ
ﬃ
("
ﬃDC
:
.
ﬃ
"¾*&+.lÞØﬀ(
n
ÞÄ
ﬃ
ß("¾ﬀ&+.2!~&+.-"%$
ﬃ\C2ﬃ
"
ﬃ
,&+.O"ßuHŁ
ﬃ
"q>ßu.2'9-Þ^&WÞ2'ªß"
ﬃ
!¾.Ł+'
ﬃ
ÞFßuP"B(D'
ﬃ
!,"Bß"
ﬃ
!Uð!¾>Þ'
ﬃ
(D'ªß!*!Hﬀ(«ß'
ﬃ
!,"¾ﬀ>ß"
ﬃ
:àÝ
$(B$%ß!,!¾2>
ﬃ
!>ßþW¿¡õ3W.2('
ﬃ
2!
:
ß6!¾.Ł+'
ﬃ
.
ﬃ
"B,&+.
:
ß.
C
ße
ﬃ
'ß"¾4ì
ﬃ
ì
ﬃ
'&("W96(D&WH
ﬃ
!HÞr&.
C
ﬀ.ØŁ#"*&·ß.
ﬃ
.
ﬃ
¾Ł9y&/ﬁﬁ#x
ﬃ}
ÙÚ
:

ﬃ
ì
ﬃ
ß'!
"%$ß""%$
ﬃ
>s&+!P">Þ*&?Fß?2'
ﬃ
ß.ŁW'ßu)>m&+>
ﬃ
.K"¾2>³"¾Bß.!,/
ﬃ
>!e%$
&
('
ﬃ
.2(
ﬃ
:
"¾Bß.2!P/
ﬃ
"*&
ﬃ
è3
(Ul"
ﬃC
!P"ß"
ﬃ
!
Ý
"%$s$Ł+$m&u*?l"ß'Fß.ŁW2'ªßuq>m&>
ﬃ
."¾2> !i!¾ÞÞØ
ﬃ
!,!
ﬃCZv
ß!qß#(D&+.2!
ﬃDp

ﬃ
.2(
ﬃ
"%$
ﬃ
Þ^&WÞ2'ªß"B&+.m&/Z"%$
ﬃ
D/
©! 
¨
ß.
C
D/
É) 
¨
!¾.Ł+'
ﬃ
.
ﬃ
"B,&+.g!,"Bß"
ﬃ
!\$Fß!.2&")?
ﬃﬃ
.g&+?!
ﬃ
$ì
ﬃC

ß
Â

Ðký]øü{ýiþeÏ*+!ÐQø
Ì
ýﬁÐ®ü{þ
û
7ÎØôMýiþ
<||
âT$
ﬃ
>
ﬃ
ß!H
ﬃC
(U*&!*!k!
ﬃ
("¾ﬀ&+.2!
Ý
ﬃ

ﬃ
(D&+>;ÞFßu
ﬃDC
Ý
"*$G"%$
ﬃ
"*$
ﬃ
&u
ﬃ
"¾ﬀ(Uß'Þ
ﬃDC
("¾ﬀ&+.2!@?9
ü
ﬃ
.2!
nﬃ
±¯ü
ﬃ
.A­Wå?2²@Ñõ
n
9à*>
ﬃ
3)'7ßuP"B
ﬃﬃ
3 4&8(
n
(Uß'ﬀ(2'ß"¾ﬀ&+.!
Ý
ﬃ

ﬃ
2!
ﬃDC
"*&
C2ﬃ
H4ì
ﬃ
"*$
ﬃ
.à83
(D'
ﬃ
ßu{!,"¾¾2("B
ﬃ
&/A"%$
ﬃ
.à(D'
ﬃ
´âT$
ﬃ

ﬃ
!¾2'l"%!
Ý
ﬃ

ﬃ
2!
ﬃDC
"%&o&?"ßu.6"B¾ß.2!P/
ﬃ
Þ,&+?Fß?Øﬀ'ªl"B
ﬃ
!
2!Hﬀ.ŁQ"%$
ﬃ
[\ﬀ!P"%&WP"
ﬃDC
3ázßdì
ﬃ
3),\&W*.83 ð7ÞØÞ*&«èﬀ>ß"B&+.

[>á-,/ð

ß.
C
"*$
ﬃ
LèØß("P3."
ﬃ
3

ß.Ł
ﬃ
3F[\ﬀ!P"%&WP"
ﬃC
3ázß>ì
ﬃ
3),\&W,.3 ðÞÞ*&«èﬀ>ß"¾ﬀ&+.

Lﬁ

3F[>á-,/ð

Yá$
ﬃ
."%$
ﬃ
'
ﬃ
ì
ﬃ
'
ﬃ
.83
ﬃ
HŁ9
Ý
ß!+2!
ﬃDC
ß!+ß¨/À
ﬃﬃ
ÞßuBß>
ﬃ
"
ﬃ
Q&/]"%$
ﬃ
"%$
ﬃ
&W
ﬃ
"B(«ß'#>s&
C2ﬃ
'k(U,&+!*!E!
ﬃ
("B&+.2!E&/


|/.+ﬁ
;
c

ì
åW¹6>-?ß.
C


.+ﬁ
;

ì
­W]>-?
Ý
ﬃ

ﬃ
(Uß'ﬀ(2'ß "
ﬃDC
:Ý
$
ﬃ

ﬃ
ß!=(U,&+!*!!
ﬃ
("Bﬀ&.2!
&/


|/.+ﬁ
;
c

ì
¹ﬂy>-?4ß.
C


.+ﬁ
;

ì
ﬁWm>-?
Ý
ﬃ

ﬃ
/1&W2.
C
Ý
$
ﬃ
.G"*$
ﬃ
'
ﬃ
ì
ﬃ
'
ﬃ
.
ﬃ
HŁW
ﬃ
!
Ý
ﬃ

ﬃ
óØè
ﬃDC
ß"T"%$
ﬃ
ª
ﬃ
èÞ
ﬃ
¾ﬀ>
ﬃ
.K"Bß'<ìÅß'ª
ﬃ
!U
A&W~"*$
ﬃ
(«ß'(U2'ªß"B&+.2!~&/r"*$
ﬃ=ﬃ
èÞ
ﬃ
¾>
ﬃ
."Bß'2(*&+!,!!
ﬃ
("Bﬀ&.2!Èß.Äﬀ!*&"B*&uÞﬀ(>ß.ŁW2'ªßu
C
!,"BHl3
?"¾ﬀ&+.H&/q"%$
ﬃ
ÏA3 ¾ß<98!
ﬃ
>;"*"
ﬃDC
/À,&+> "%$
ﬃ-ﬃ
è(Ul"
ﬃC
.2(D'
ﬃ
2!o$ß!o?
ﬃDﬃ
.¤ß!*!H2>
ﬃC
Yá$Øﬀ'
ﬃ
"%$Øﬀ!ﬁß!,!¾2>;Þ"B&+.lﬀ!ß'
Ý
ß9!q"¾¾
ﬃ
/1&W10
ì

tY+ﬁ

!P"ß"
ﬃ
!
:
"%$
ﬃ
!¾ß>
ﬃ
ßÅÞÞ2'ª
ﬃ
!~/1&u~"%$
ﬃ

|KY+ﬁ

;
c
'
ﬃ
ì
ﬃ
'&+.2'l9
:
/Pß''>O3W!H2?2!P"ß"
ﬃ
!ßu
ﬃﬃDp
Fß'ﬀ'9·Þ^&WÞ2'ªß"
ﬃC
´ð@'"*$2&WŁ$6"%$
ﬃ\C
é
ﬃ

ﬃ
.K"Bªß'(*&+!,!
!
ﬃ
("¾ﬀ&+.2! "*&ﬃÞ^&WÞ'ß"
ﬃ
"%$
ﬃ2
>
2
ì
tYﬁ)!,"Bß"
ﬃ
!^ß.
C
"*$
ﬃ2
>
2
ì
|KY+ﬁ!,"ß "
ﬃ
!
C
é
ﬃ
 !¾Ł+.ó2(«ß.K"%'l9
:
ß!(«ß.H?
ﬃ
!
ﬃDﬃ
.4ﬀ.+ªŁWØ
ﬃ
ﬁs&+.ÞFßuŁ
ﬃ
¹ﬂ
:
"%$
ﬃ
ß?2!,&+'ª"
ﬃ
Þ*&+?ß?ﬀ'"¾
ﬃ
!"*&1Þ^&WÞ2'ªß"
ﬃ
"%$
ﬃ
!
ﬃ
!H2?2!,"Bß"
ﬃ
!·ßu
ﬃ
_
åQ ß.
C
+ﬁg 
ﬃ
!HÞ
ﬃ
("¾4ì
ﬃ
'9{ß.
C
"%$
ﬃ
ß.ØŁW2'ßÅ
C
ﬀ!P"BHﬀ?"¾ﬀ&+.H&/
"%$
ﬃkﬃ
>;"*"
ﬃDC
ÏA3Bß98!
C2ﬃ
ìàªß"
ﬃ
!T?9U'
ﬃ
!*!"%$ß.4tw/À*&+>çß.%ﬀ!,&"B,&WÞ(
C
!,"BHﬀ?"Bﬀ&.×8Lì
ﬃ
.
/&+.
ﬃ
ß!*!¾>
ﬃC
(D&>Þ2'
ﬃ
"
ﬃ
ß'ªŁ+.2>
ﬃ
.K"
:
"%$
ﬃ#C2ﬃ
ìàß"¾ﬀ&+.
Ý
&W2'
C
?
ﬃ
'
ﬃ
!,!T"%$Fß.{
_
%
â
Ý
&
C
é
ﬃ

ﬃ
."J>
ﬃ
"*$2&
C
!T$Fß>ì
ﬃ
?
ﬃﬃ
.+ÞØ
ﬃ
!
ﬃ
.K"
ﬃC
"*&
Cﬃ
"
ﬃ
*>;ﬀ.
ﬃ
ß?!*&+'"
ﬃ
(*&+!,!J!
ﬃ
("Bﬀ&.2!
/1&W="%$
ﬃ
&+?2!
ﬃ
ìÅß"¾ﬀ&+.H&/ﬁßmÏA3Bß9
:
"%$
ﬃ
9
Ý
ﬃ

ﬃ
ßuÞØÞ2'ª
ﬃDC
"%&m"*$
ﬃ
ó*!,"
ﬃ
è(Ul"
ﬃDC
!,"ß "
ﬃ
&/
þÉ
õ
ß"
ﬀ
_
ﬀ
nﬃ}

=ﬃ
'ß "B4ì
ﬃ
(U,&+!*!=!
ﬃ
("¾ﬀ&+.!/1&W"%$
ﬃ
&8(D(¾
ﬃ
.2(
ﬃ
&/
Ý
ﬃ
ß
nﬃ
JÏA3W'ﬀ.
ﬃ
!
Ý
ﬃ

ﬃ
(Uß'l3
(U'ß"
ﬃDC
2!¾.Łß#!¾Þ
ﬃ
("B¾>
Ý
l"%$s$ªŁ$m!P"ß"¾ﬀ!,"¾ﬀ(!
v
Ý
"*$s"*$
ﬃ
ßÅ
C
&/"*$
ﬃJn
.&
Ý
.Çß?2!*&'ª"
ﬃ
(U,&+!*!k!
ﬃ
("Bﬀ&.G/1&W"*$
ﬃ
'ª.
ﬃ
ß "
ﬀ
_
ﬀ
nﬃ}
ß?2!*&+'"
ﬃ
(U*&!*!o!
ﬃ
("¾ﬀ&+.!o/1&W\ß''ÏA35'ªﬀ.
ﬃ
!J(D&W2'
C
?
ﬃmC2ﬃC
2(
ﬃDC
âT$
ﬃ
ß?2!,&+'ª"
ﬃ
(U*&!*!6!
ﬃ
("Bﬀ&.2!]/1&W#"%$
ﬃ
Þ^&WÞ2'ªß"B&+.·&/
ﬃ
è("
ﬃC
!,"Bß"
ﬃ
!.
þÉ¡õ
Ý
ﬃ

ﬃJC2ﬃ
H4ì
ﬃDC
/À*&+>j"%$
ﬃ
(*&+!,!!
ﬃ
("Bﬀ&.y"*&
C2ﬃ
"
ﬃ
("/ß@ÏA3 ¾ß<9lß"ﬁßk(
ﬃ
,"ßÅﬀ.
ﬃ
.
ﬃ
¾Ł92!¾.Ł
"%$
ﬃ-n
.2&
Ý
.'
ﬃ
ì
ﬃ
'{!*(B$
ﬃ
>
ﬃ
ß.
C
?Bß.2(B$ﬀ.ØŁÇBß"¾ﬀ&+!&/ﬁþÉõY|ﬀ.ß'ﬀ'l9U"%$
ﬃ
>
ﬃ
ß!¾Ø
ﬃDC
(*&+!,!
!
ﬃ
("¾ﬀ&+.2!/1&Wi"%$
ﬃ
Þr&uÞ2'ß "Bﬀ&.s&/Z"%$
ﬃ

|KYﬁ

;
c
3W'
ﬃ
ì
ﬃ
'|ß"
ﬀ
_
ﬀ
nﬃ}
ß.
C
"%$
ﬃ

tYﬁ

;
3W'
ﬃ
ì
ﬃ
'Yß "
ﬁ
ﬀ
|uå
nﬃ}
Ý
ﬃ

ﬃ
(D&+>;ÞFßu
ﬃDC
Ý
"*$g"%$
ﬃ
&W
ﬃ
"Bﬀ(Uß'|ÞØ
ﬃDC
ﬀ("¾ﬀ&+.!>ß.
C
ßŁ+&8&
C
ßuŁW
ﬃﬃ
>
ﬃ
.K"
Ý
ß!
/1&W2.
C

"W.

L33)"£õØû-ü[kL
ﬃ
èÞ
ﬃ
Hﬀ>
ﬃ
.K"%!"%$
ﬃ
'&
Ý
?
ﬃ
ß> ﬀ.K"
ﬃ
.2!¾l"B
ﬃ
!
Ý
'ﬀ'A.2&">ß''ﬀ&
Ý
$Ł+$1.K"
ﬃ
.83
!¾l"W9·¾2.2!"%&o&?"ßu.
ﬃ
'ªß"B·ì
ﬃ
(U*&!*!M!
ﬃ
("¾ﬀ&+.!
:
"%$
ﬃ
ß?2!*&'ª"
ﬃ
(U,&+!*!{!
ﬃ
("B&+.2!~/1&uß''+ÏA3W'ª.
ﬃ
!
Ý
ﬀ'' ?
ﬃ]C2ﬃ
H4ì
ﬃDCC

ﬃ
("%'l9WFð@!"%$
ﬃ
x4"!56"!,/ð7üÑüjßÅ¾Bß9ß''ﬀ&
Ý
!ﬃß.4ß'>m&+!P"ﬃﬀ!*&"B*&uÞﬀ(
C2ﬃ
3
"
ﬃ
("¾ﬀ&+.G&/q"%$
ﬃ
ÏA3Bß98!
:
"*$
ﬃ
Þ^&WÞ2'ªß"B&+.h&/i>y35!¾2?2!P"ß"
ﬃ
!
C
&
ﬃ
!o.2&"k$ßdì
ﬃ
"%&7?
ﬃ-n
.2&
Ý
.
<|
_
ÌMuû
Íoü{ýiþ ß

ü
u
ýÕþJý£Î|Ï	ÑÐký ü{ýqÎ üóýeÍiýiþ
£ÒhýOü
"%&
C2ﬃ
"
ﬃ
,>.
ﬃ
ß?2!*&'ª"
ﬃ
(*&+!,!6!
ﬃ
("¾ﬀ&+.!]/1&Wk"%$
ﬃ
&8(D(¾
ﬃ
.2(
ﬃ
&/ÏA35'ªﬀ.
ﬃ
!
:
$2&
Ý
ﬃ
ì
ﬃ

:
"%$
ﬃ
'
ﬃ
ì
ﬃ
'\!*(B$
ﬃ
>
ﬃ
ß.
C
?¾ß.2(B$.Ł¤¾ß"B&+!]&/T"%$
ﬃ
.@ì
ﬃ
!P"BŁﬂß"
ﬃC
.2(D'
ﬃ
2!
Ý
'ﬀ'i?
ﬃ
2.
n
.2&
Ý
.
ß.
C
$Fß>ì
ﬃ
"%&h?
ﬃ7CﬃDC
2(
ﬃDC
"%&uŁ
ﬃ
"*$
ﬃ

Ý
"%$R"%$
ﬃ
Þ^&WÞ'ß"¾ﬀ&+.V(U,&+!*!-!
ﬃ
("Bﬀ&.2!-&/
ﬃ
è("
ﬃDC
!,"Bß"
ﬃ
!U|4&u"%$Øﬀ!"Bß!
n
'/
ﬃ
"¾ﬀ>
ﬃ
>
ﬃ
ß!¾
ﬃ
>
ﬃ
.K"%!
:
ß.ØŁW2'ßÅ
C
!,"¾¾ﬀ?Ø"B&+.H>
ﬃ
ß!¾
ﬃ
>
ﬃ
.K"%!
:
ÏA35ÏA3ß.ŁW2'ªßu-(D&u¾
ﬃ
'ß"¾ﬀ&+.Ł>
ﬃ
ß!H
ﬃ
>
ﬃ
.K"%!
:
ß.
C
ÞFßuP"Bﬀ('
ﬃ
35ÏA3ß.ØŁW2'ßÅ6(D&u¾
ﬃ
'ß"¾ﬀ&+.Ł>
ﬃ
ß 3
!¾Ø
ﬃ
>
ﬃ
.K"*!
Ý
'ﬀ'?
ﬃ
ß>ìußÅﬀ'ß?2'
ﬃ
"%&-Þ
ﬃ
*>;"ﬁß
C2ﬃ
"
ﬃ
*>;ﬀ.Fß"¾ﬀ&+.6&/r"*$
ﬃ=C2ﬃ
"Bßuﬀ'!

ﬃ
.
ﬃ
HŁ9
:
!HÞﬀ.
:
ÞFßuH"W9
:
'ªl/
ﬃ
"B>
ﬃ

&/"%$
ﬃSﬃ
è(U"
ﬃDC
!,"Bß"
ﬃ
!U
7987
­;:=< >?A@CBADE<F@ GIHKJL?AMN/<FH
"W.(D&+.K"¾Bß!P"E"*&0"%$
ﬃCﬃ
"
ﬃ
¾2> "Bßu¾Ł
ﬃ
"
:qÝ
$
ﬃ

ﬃ
?^&"*$"*$
ﬃ
.
ﬃ
"B,&+.Nß.
C
"%$
ﬃ
ÞØ*&"*&+.
"B¾ß.2!P/
ﬃ
\(B$ß.2.
ﬃ
'×ßu
ﬃ
&+?2!
ﬃ
$ì
ﬃDC
:
"%$
ﬃ
?
ﬃ
,98''ªª> "ßuHŁ
ﬃ
"}ß'ﬀ'&
Ý
!i"*&
C
!,"B.ŁW!*$s?
ﬃ
"
Ý
ﬃﬃ
.
"%$
ﬃ
!
ﬃ

ﬃ
ß("Bﬀ&.-(B$Fß.2.
ﬃ
'ﬀ!
:
ß!M"*$
ﬃ
Þ*&"%&+.-"¾Bß.2!P/
ﬃ
!M!¾ØÞÞ
ﬃ
!*!
ﬃDC
O'&
Ý
ﬃ
ì
ﬃ

:
dP,
ﬃTﬃ
è$ﬀ?83
"*!M"
Ý
&S!¾Ł+.óA(«ß.K"
C
!Bß
C
ìuß."BßuŁ
ﬃ
!U/"W.y"%$
ﬃ
Ł
ﬃ
*>ß.ª> !¾Þ
ﬃ
("BH2>
:
^ªŁW
ﬃ

_
:uÝ
$Øﬀ(B$
ﬀ!s[o&WÞØÞ2'
ﬃ
s(&W¾
ﬃ
("
ﬃDC
/1&WO"%$
ﬃ
!¾.Ł+'
ﬃ
.
ﬃ
"¾*&+.ó"BBß.2!,/
ﬃ

n
ﬀ.
ﬃ
>ß"B(D!
Ý
"*$.
ﬃ
Ł+'
ﬃ
("
ﬃDC
!*(Uß"*"
ﬃ
Hﬀ.Łß.ØŁ+'
ﬃ
&/q"%$
ﬃ
$
ﬃ
ß>ì9¤
ﬃ
ß("¾ﬀ&+.+Þ*&
C
2("

>
ﬃ
ß.4Æ
ì
¹ØÙ¹ﬂ
ﬀ
¡:
"%$
ﬃ
'ªßu¾Ł
ﬃ
.2>y3
?
ﬃ
o&/ﬁÞ
ﬃ
ß
n
!7ﬀ.
C
(«ß"
ﬃ
!J"%$Fß"@"%$
ﬃ

ﬃ
ßu
ﬃ
!
ﬃ
ì
ﬃ
Bß'M&"%$
ﬃ
\
ﬃ
ß("¾ﬀ&+.G(B$ß.2.
ﬃ
'ﬀ!eßuÞßu,"/À*&+>
d
,
ﬃ

þW¿
õ
:
þÉ
õ

ª
,
ﬃ
FP"%$
ﬃ
*>s&W
ﬃ
d
,
ﬃ
ﬀ!q!¾Ł+.óA(«ß.K"*'9]$
ﬃ
ß>ìà
ﬃ
M"%$Fß.
C2ﬃ
"
ﬃ
¾ª>oß.
C
"%$
ﬃ

ﬃ
ß("¾ﬀ&+.%ÞØ*&
C
2("*!ﬃßu
ﬃkC2ﬃ´Aﬃ
("
ﬃC
?K9ßO'ßuHŁ
ﬃ
}ß.Ł+'
ﬃ
ß.
C
'ﬀ&!
ﬃ
>s&W
ﬃoﬃ
.
ﬃ
HŁ9

(D&+>;ÞFßu
ﬃ
Ý
"*$ÇŁW
ﬃ
o&+.ÞFßuŁ
ﬃ
¹
_
¡:
!,&6"%$ß"\&.2'9ß]>s&
C2ﬃ
¾ß"
ﬃ
[o&WÞÞ2'
ﬃ
(D&WH
ﬃ
("B&+.7(Uß.7?
ﬃ
ß(B$
ﬃ
ì
ﬃDC
Ý
l"%$2&W"qÞßu,"¾ﬀ(D'
ﬃ
"B¾ß(
n
ﬀ.Ł
:
ß!i.
ﬃ
"*$
ﬃ
i"%$
ﬃ

ﬃ
ß("¾ﬀ&+.s.2&Wq"*$
ﬃn
.
ﬃ
>ß"B(D!Èßu
ﬃ
n
.2&
Ý
.
v
/1&uﬃ.2!,"Bß.2(
ﬃ
/1&W="%$
ﬃ
ﬀ
_
ﬀ
nﬃ}
'ª.
ﬃ
&/þÉ¡õmß.
ﬃ
.
ﬃ
HŁ9m
ﬃ
!,&+'ª"Bﬀ&.H&/}WW
nﬃ}
ﬀ!T&?"ßu.
ﬃDC

ð@!h!*$2&
Ý
.hﬀ. ªŁu
ﬃ
!4r+YWà
ﬀ
:
"%$
ﬃ
!Hﬀ'ﬀ(D&.

L~3FL
C2ﬃ
"
ﬃ
("%&W+ﬀ!¤ßó>1ßQ,&W+ßÅ
C
"*&

Cﬃ
.K"Bl/°9
C
é
ﬃ

ﬃ
.K">
ﬃ
ß("¾ﬀ&+.m(B$Fß.2.
ﬃ
'ﬀ!R"5"/ﬀ!/Þ^&+!,!¾ﬀ?'
ﬃ
"*&
C
!,"¾ﬀ.ŁWØﬀ!*$m?
ﬃ
"
Ý
ﬃﬃ
.g"%$
ﬃ
.
ﬃ
83
"B,&+.Þﬀ(
n
Þ+ß.
C
!
ﬃ
ì
ﬃ
Bß'?
ﬃ
ß
n
3 Þß.
C
/À2!Hﬀ&+.
ﬃ
ìÅßuÞ^&W¾ß"B&+.g(B$Fß.2.
ﬃ
'ﬀ!
"W.ßŁW
ﬃ

ﬀ
"%$
ﬃ
[o&WÞÞ2'
ﬃ
F3W(D&u¾
ﬃ
("
ﬃDC
Ł
ﬃ
*>ß.ª> !¾Þ
ﬃ
("¾Bß0/1&W
C
é
ﬃ

ﬃ
.K"%ÞFßuP"B(D'
ﬃ
Łﬂß"
ﬃ
!4."%$
ﬃ
"
ﬃ
'
ﬃ
!*(&WÞ
ﬃ¨C2ﬃ
"
ﬃ
("*&Wòßu
ﬃC2ﬃ
Þ("
ﬃDC
eA&WH"%$
ﬃ
[o&WÞØÞ2'
ﬃ
h(D&u¾
ﬃ
("¾ﬀ&+. "%$
ﬃ
n
ﬀ.
ﬃ
>1ß "Bﬀ(!
Ý
ﬃ

ﬃ
(«ß'(U2'ªß"
ﬃC
2!Hﬀ.ŁG"*$
ﬃ7n
.2&
Ý
.
C
ª
ﬃ
("¾ﬀ&+.zß.
C

C2ﬃ
.K"Bl"W9V&/="%$
ﬃ
'ªŁ+$K"

ﬃ
ß("¾ﬀ&+.SÞØ*&
C
2("UâT$
ﬃ
ÞFßuP"B(D'
ﬃ

C2ﬃ
.K"Bó2(«ß"¾ﬀ&+.Sß'ﬀ'ﬀ&
Ý
ﬃDC
"*&Üß!*!¾Ł+.Lß4
ﬃ
ß("¾ﬀ&+.×

ﬃ
ÙŁ
dP,
ﬃ

þW¿õ
:
¾W¾TS

Þ
:
"%$
ﬃ]ﬃ
ìußÅÞr&W¾ß"B&+.E&/q.
ﬃ
"B,&+.2!7!.&"7.2(D'
C2ﬃC
ﬀ.Q"%$
ﬃ6n
ﬀ.
ﬃ
>1ß "Bﬀ(k(Uß'l3
(U'ß"¾ﬀ&+.2!

U'
ﬃ

ﬃ
"%$
ﬃ
Ý
ﬃ
'ﬀ'
C2ﬃ
ó2.
ﬃDC
!,(«ß","
ﬃ
Hﬀ.Ł\ß.Ł+'
ﬃ
&/2"%$
ﬃ
"
Ý
&WV{!{/À,&+>"%$
ﬃ
ª
,
ﬃ)C2ﬃ
(Uß<9
ß''ﬀ&
Ý
ﬃC
ß.
ﬃ
.
ﬃ
¾Ł9
ﬃ
!*&'ª"¾ﬀ&+.g&/ﬁÙ¹
nﬃ}
/1&W"*$
ﬃ
þÉ¡õ3W'ﬀ.
ﬃ
ß "
ﬀ
_
ﬀ
nﬃ}

ß
ß

dPX
ýY!ÐQø
Ì
ýﬁÐ®ü{þ
û
7ÎØôMýiþ
<|W
0
20000
40000
60000
100 200 300 400 500 600 700
0
10000
20000
30000
40000
800 1000 1200 1400 1600 1800
all_det1
all_det1
Co
un
ts
 / 
ke
V
Co
un
ts
 / 
2.
5 
ke
V
Co
un
ts
 / 
5 
ke
V
all_det1
Energy [ keV ]
0
2500
5000
7500
10000
2000 2250 2500 2750 3000 3250 3500
ŁW
ﬃ

_
8ÄØﬂKÑ ÌlÐWÔUKÌèÌDÔ²DÓ ÏAÐ BÒﬂÍtÎÑ  ¡WÔBÌèáﬂ u¸1¥r þW¿¡¦|§[ZNd<Þ×ÌU Ô²%Ò¬ÍN
­2Ø¯­{°±TÙÚ-ØMð´ÌÈ¥rØﬂKÑ  ÌÔUKÌ¯ÌªDÔ%Ò ÍÇ¥rÄBÒﬂÍtÎÑ QÍr áBÌÍBÌËKÍr£¸À ÌµtÒﬂÍr´\%ÒñÔ
ä
Ìª
ár£DÓ5KÍtÓ4¥r,ÔUr  ÌèÒﬂÍtÎÜKÍtÎÑ ÇÅ¸¥r¤¥rUtï<×·ÌU Ô²%Ò¬ÍÜÌªÓ2átÔ²
ä
´7ÍrÎÑ ÔÓ
ç
«KÍ
Æ^Ákæ2Øæ÷KõKëØ³"¥r/¡WÔBÌ¯áﬂ
ä
r^£ﬂµÍkÒﬂÍÊ¥ráKÌ)åu«ﬂ%Ò7}r®kåWUÔáKÌèÌÍ^u¸¼Ê+ææ·tß
ç
 Ñ ÔBÌèÒ Ô«KÑﬂé4ÔUKÌèÌU¡WÍtÓÒﬂÍtÎmõÙ¹
ª
ﬂr%ë
ä
Ò ¥
ä
sÎW Ì7Í+Òáﬂ Óﬂ²DÔ²Ìªé¼Ír#ÓﬂÔKÌ
ÔUïrÌèÒÍtÎ1¥rmÑ 
ä
 ÍrÌﬀÎ×gÌËKÍtÎW-¸WÌØ æ;Gã+Øõ°±Té¼Ír6ÔïrÌ
ÒﬂÍtÎ%
ä
ÒñÓﬂ Ì\ÌÍtÎW·¸WÌØ
æ¶m°²±=Ø³ﬃ¥r]\^\+ß
Ö
ä
rTÔUïr ÌÓhå×·¥r-²¥Ká  ÌWØ
<|
ﬀ
ÌMuû
Íoü{ýiþ ß

ü
u
ýÕþJý£Î|Ï	ÑÐký ü{ýqÎ üóýeÍiýiþ
£ÒhýOü
all_ede1
D
E 
[ M
eV
 ]
E-D_ E [ MeV ]
p,d,t`
a
a
2
b
a
a
9Be
0
5
10
15
20
25
0 5 10 15 20 25
p,d,t`
a
a
b
a
a
cedgfﬃhji
ﬃAkmlgnk
8
9o
Ð
oIprqﬃs
ÔTtBÌ¯á/uwv%xFtPy
sAp
ÒﬂÑöÒñÔvÍzt
s
Ñ
sp
Ôv
qﬃs
Ó
s
t
s
Ô{t!vKÌFx|vÌtPy
s
þW¿r}[~#ZNdÞ
s
Ì
s
ÔTt%ÒvÍ

t2Ø
sT
ÙÚ6Ø\Ò 
s
Ì
s
Ít@ÑöÒñÎRytÌ
s
ÔTt%ÒvÍ
q
ÌvÓ2átÔTt
p
Ô

ÍUå
s
Ò Ó
s
Ít%Ò í
s
Ó4Ø
0Ł
250
500
0Ł 500 1000 1500 2000
0Ł
500
1000
0Ł 500 1000 1500 2000
Original5
p,d,t: hydrogen isotope detected
Original5
Co
un
ts
 / 
5 
ke
V
1a : one alpha detected
Original5
2

a

: two alphas detected
37S 37S
Energy [ keV ]
0Ł
50
100
0Ł 500 1000 1500 2000
cedgfﬃhji
ﬃWkmln
ﬀ
8v
q/q
Ñ
s
ÌÐWÔ{vKÌ¯Ì
s
Ô{t
s
Ót
s
Ñ
sp
Ôv
q%s
Ð5Î

t
s
ÓsÏAÐ
pTq%s
Ô{tBÌ

v%xtPy
s
¿P}[~#ZNdÞ
s
Ì
s
ÔTt%ÒvÍ

t2Ø
s{
ÙÚ-ØZðvKÌ^tPy
s
v
q/q
Ñ
s
ÌÔvKÌèÌ
s
ÔTt%ÒvÍtPy
s
xWáKÑÑ( ÒÍ
s
u

t%Ò ÔyÒÍx|vKÌu

t%Ò vÍvxtPy
s
ÑÒ ÎRyt
q
Ìgt%ÒñÔÑ
sp
Ô

t)t
s
ÌèÒﬂÍtÎ

ÍtÎÑ
s
ÍtÓ0ÒñÓ
s
Ít%Ò t
×VÒ
p
á
ps
Ó
ç
ps{s
t
s
ît,ëØ
y
s
ÏAÐ*ÑÒﬂÍ
s{p
ÔvKÌèÌ
sprq
vÍtÓÒﬂÍtÎ
t!vÓÒ 
s
Ì
s
ÍtmÌ
s
Ô{t%Ò vÍHÔy

ÍKÍ
s
Ñ
p
Ô

ÍVå
spp
ÒñÎÍ
s
Óóå×
ps
Ñ
s
ÔTt%ÒﬂÍtÎVÓÒ 
s
Ì
s
Ít]Î

t
s{p
vÍ·ÑÒ ÎRyt
Ì
s
ÔTt%ÒvÍ
q
ÌvÓ2átÔTt
p
ç
pss
t
s
ît,ëØ
ß
ß

dPX
ýY!6QøKMý®ü{þ
û
ER Mýiþ n
|ﬃﬁ
"W.¢¡j£.
ﬃ
'
n
&/cedf%hji
ﬃ¤kmln
ﬀ
d"
dﬀ!J!*$2&¥=.h"*$(£"E£s"
ﬃ
'
ﬃ
!*(&ﬃ¡
ﬃ
f/£"
ﬃ
&+.H$K9
C
i*&ﬃf
ﬃ
.¦dﬀ!,&"%&%¡
ﬃ
!
9Od
ﬃ
'
C2ﬃC
!
ﬃ{§+ﬃ
i£'iÏA35"¨i£.2!d"¨dﬀ&+.2!k>£%d.2'9¢£"S'ﬀ&¥
ﬃ
.
ﬃ
ifﬃd
ﬃ
!©¥=$Rdﬀ(B$V(D&ﬃh2'
C
?
ﬃ
£!*!df+.
ﬃC
"*&
¡^&"P£!,!¨dgh2>=dﬀ!,&"%&ﬃ¡
ﬃ
!
lª
$
ﬃ
.A£«fﬃ£"
ﬃ
&+.G&+.
ﬃ
V3¬¡(£%iP"dﬀ('
ﬃ
¥K£!o!
ﬃ
"
:
ÏA3)i¨£<98!&/£%if+&+.¢d!*&3
"%&%¡
ﬃ
!£.
C
&/
!­r®
&((hjii
ﬃCl
"5"¥K£!q.
ﬃ
(
ﬃ
!,!£%iP9O"%&
C2ﬃ
"
ﬃ
("i?r&"%$LV{!M&%i¨df%dﬀ.(£"¨dﬀ.jf=/|i*&> "%$
ﬃ
ª
,
ﬃC2ﬃ
(£9s"*&
ﬃr¯
(D'h!¨d
§ﬃ
'l9m!
ﬃ
'
ﬃ
(""%$
ﬃ6!­r®
.
ﬃ
h"¨i*&+.83)¡jd(
n
hR¡U(B$(£..
ﬃ
'
lO°
$
ﬃ
i
ﬃ
>«£dﬀ.jd.jfoÏA3
"i¨£.2!d"d&+.2!).2&"T!,$2&¥=.4d.7"%$
ﬃ
fﬃ£"
ﬃC
!¡
ﬃ
("¨i£O(D&ﬃh'
C
?
ﬃ
£!*!df+.
ﬃDC
"%&O(£'ﬀ({dh2>±dﬀ!,&"%&%¡
ﬃ
!
/|i*&>"*$
ﬃ
/|h2!dﬀ&+.
ﬃT§
£%¡r&%i£"¨dﬀ&+.H(B$(£.2.
ﬃ
'
l[²
!k.2&
ªr³
d^¥£!
C2ﬃ
"
ﬃ
("
ﬃDC
dﬀ.h"*$
ﬃ
!dﬀ'd(D&+.E"
ﬃ
'
ﬃ
3
!*(&ﬃ¡
ﬃoC2ﬃ
"
ﬃ
("%&ﬃi	£.
C
.2&6ÏA3W'gdﬀ.
ﬃ
!´¥
ﬃ
i
ﬃ
&?2!
ﬃ
i
§+ﬃC
:
¥=$jd(B$g(D&ﬃh'
C
?
ﬃ
£!,!¨df.
ﬃDC
"*&O(B$2'ﬀ&ﬃidﬀ.
ﬃ
dﬀ!,&"%&%¡
ﬃ
!
:
dl"E¥K£!#(D&+.2('h
CﬃDC
"%$(£ "k"%$
ﬃ
¡ji,&"%&.35"¨i£.2!P/
ﬃ
io(B$j£.2.
ﬃ
'¥£!k"*&&«¥
ﬃ
£
n
"%&Q?
ﬃ
>
ﬃ
£!hji
ﬃCl
²
.U&
§ﬃ
i
§
d
ﬃ
¥&/r"%$
ﬃ
!,"i,&+.jf
ﬃ
!,")Ï43¯"i¨£.2!¨dl"d&+.2!i&+?2!
ﬃ
i
§ﬃDC
dﬀ!1fﬃd
§+ﬃ
.dﬀ.
°
£?'
ﬃEkml
|
l
cA&ﬃi "%$
ﬃ
[o&ﬃ¡j¡'
ﬃ
iy(&ﬃi¨i
ﬃ
("¨dﬀ&+.Ł"%$
ﬃ
£%¡R¡ji*&ﬃ¡Ri¨dµ£ "
ﬃgn
dﬀ.
ﬃ
>«£ "dﬀ(!¶¥
ﬃ
i
ﬃ
£¡j¡2'd
ﬃDCl
"5/F£%¡j¡2'gdﬀ(£?2'
ﬃ
:
"%$
ﬃ
>
ﬃ
£!hji
ﬃCHﬃ
.
ﬃ
if9
§
£'h
ﬃ
!*¥
ﬃ
i
ﬃSﬃT¯
"i¨£("
ﬃDC
/|i,&+>µ"*$
ﬃ
"
ﬃ
'
ﬃ
!,(D&ﬃ¡
ﬃ
3¬f/£"
ﬃC
!¡
ﬃ
("¨i£
l;²
!="%$
ﬃ
C2ﬃ
"
ﬃ
("%&ﬃi !,$jd/°"¥K£!1dﬀ.2('h
C2ﬃC
dﬀ.O"%$
ﬃ
[o&ﬃ¡R¡2'
ﬃ
iq(D&ﬃii
ﬃ
("d&+.
:
£''2>
ﬃ
£!hji
ﬃCmﬃ
.
ﬃ
ifﬃd
ﬃ
!´£fﬃi
ﬃﬃ
¥
ﬃ
'ﬀ'm¥	d"%$-"*$
ﬃ
'gd"
ﬃ
i£"¨hji
ﬃ1§
£'h
ﬃ
!J±cdi%­
ﬀ
²
l
cA&ﬃi¡Ri*&+>Ldﬀ.
ﬃ
.K"q'd.
ﬃ
!"%$
ﬃTﬃ
i¨i*&%idﬀ!
Cﬃ
"
ﬃ
i*>Ldﬀ.
ﬃC
?K9Q"%$
ﬃ
¡r&+!d"¨dﬀ&+.jd.jf¶h2.2(
ﬃ
iP"P£%d."W9E&/~"%$
ﬃSC2ﬃ
"
ﬃ
("%&ﬃi>m&
C
h2'
ﬃ
:
£m'£%i¨f
ﬃ
i
ﬃ
ii*&ﬃi=/1&ﬃiJ!*>£'ﬀ'
ﬃ
i
'd.
ﬃ
!*i
ﬃ´Aﬃ
("*!J"*$
ﬃ#C
dg·s(h'"W9U"*&
ﬃr¯
£("*'9g'&(£"
ﬃ
"*$
ﬃ
!
ﬃ
'gdﬀ.
ﬃ
!*dﬀ.7"*$
ﬃ
!¨¡
ﬃ
("¨i¨h2>
l
"5"´dﬀ!1dﬀ.K"
ﬃ
i
ﬃ
!P"d.jfS"*&6.2&"
ﬃ
:
"%$j£"i"%$
ﬃ
¾

S'd.
ﬃ
£"*ﬁ|ﬃ¸
nﬃ}
$j£!K£S'ﬀ&+.Rf]$(£'
´
dl/
ﬃ
&/ﬁ%¹ﬃ¹#.2!
l
²
!S"%$
ﬃ
?
ﬃ
£>º¡(£i,"d(D'
ﬃ
!#"i£
§ﬃ
'´£?r&%h"6ﬁE(D>UY.2!
:
"%$
ﬃ
'dﬀ.
ﬃ
d!#&+.2'9
§
d!¨dﬀ?'
ﬃ
£!¤£¼»P½R¾%¿¬À
¡
ﬃ
£
n
:
¥=$
ﬃ
.R.&H[o&%¡j¡2'
ﬃ
i@(&ﬃi¨i
ﬃ
("¨dﬀ&+.¼d!£%¡j¡2'gd
ﬃC
£.
C
"%$
ﬃ]Á1Á²
IÂd!ÃPÄÅ%ÆT¿Æ¨ÇÈ¥	dl"%$"%$
ﬃ
!*$Éh","
ﬃ
i
l#°
$Rdﬀ!W£'ﬀ!*&¡ji*&
§ﬃ
!o"%$j£""*$
ﬃ
?
ﬃ
£>Ê¡(£i,"d(D'
ﬃ
!6£%i
ﬃ
.2&"!,"%&%¡j¡
ﬃC
dﬀ.E"%$
ﬃÁ1Á²
I
l
c(hji,"*$
ﬃ
i,>m&%i
ﬃ
"%$
ﬃ
>
ﬃ
£!¨hji
ﬃDCmﬃ
.
ﬃ
i¨fﬃd
ﬃ
!\&/ZÏA3W'd.
ﬃ
!¥	dl"%$Ë£S$(£'
´
d/
ﬃ
&/^Ì
n
.2!K£%i
ﬃ
£'ﬀ'A'&¥
ﬃ
i
"%$j£.E"*$
ﬃ
dgi='d"
ﬃ
i¨£"hji
ﬃE§
£'h
ﬃ
!
l
'
ﬃ
i
ﬃ
"*$
ﬃ
£!*!¨h>¡"¨dﬀ&+.g"*$(£"="%$
ﬃ
ÏA3)i¨£<9Ëdﬀ!
ﬃ
>Ld","
ﬃDC
('ﬀ&+!
ﬃ
"%&E"%$
ﬃ
"P£i¨f
ﬃ
"d!].2&H'ﬀ&+.Rf
ﬃ
ik"ih
ﬃ
:
!*&E"%$(£ "]"*$
ﬃ
[o&%¡j¡2'
ﬃ
i#(D&ﬃii
ﬃ
("d&+.R9Od
ﬃ
'
C
!#"%&8&E!*>£'ﬀ'
§
£'h
ﬃ
!
l
cA&ﬃi

L3J3)"
®jÍ
³
[kLÏÎÐRÑ«¡Òﬃ¡jhjÓ£ÎdgÒﬃÔ¼Ò%Õ*Ñ
¯mÖ
dgÎÑ{×ÙØÎP£Î¨ÑØ¤¥	dÎÐÙ£4ÓÒ%Ôjf4ÓgdgÕ|ÑTÎdÚLÑ
ÛÜ6Ý
¹%¹©¡jØÞ¥	dgÓÓ(¡ÒﬃØ¨Ñ
Ø¨dgÚdgÓµ£%ie¡ji¨ÒﬃßRÓÑÚLØ1£%Ôj×LÎÐjÑ
hjØ¨Ñ6Ò%Õà£FØ¨ÐÉhRÎÎÑi1¥	dÓgÓ(ÔjÒ%Î´ß[Ñ
¡[Ò%Ø¨Ø¨dgßjÓÑ
£%Ø
ÎÐjÑ¤ß[Ñ£%ÚÊ¡(£%iÎ¨d
Ö
ÓÑØ	¥´ÒﬃhjÓ×¢£
ÖÖ
hjÚÈhjÓ£ÎÑ¤ÒﬃÔ4Î¨ÐjÑØÐÉhRÎ¨Î¨Ñi£%ÔR×
Ö
iÑ£Î¨ÑÈ£%Ô¦Ñ{ÔjÒﬃiÚÒﬃhRØ
áâ
ß(£
ÖPã
f%i¨ÒﬃhjÔR×
l
²
ØÎÐjÑÙß[Ñ{iäOÓÓgdhjÚ Î£%i¨f%Ñ{Î4Ð(£%×åÔjÒYfﬃÒﬃÓ×æß(£
ÖPã
dÔRfç£%Ôj×åÔRÒIÓÒ¥ºdgÔÉÎ¨ÑÔjØdgÎ)ä-ÚLÑ£%Øhji¨Ñ
â
ÚLÑÔ/ÎØÈ¥	dÎÐCÎÐRÑ
ÁÁ[²
è
¥´ÑiÑ¡[Ñ{iÕ|ÒﬃiÚÑ{×Ù¥	ÐjÑÔéÎÐRÑ9ß[Ñ{iäOÓÓgdhjÚêÎ£%i¨fﬃÑTÎÈ¥K£%Ø¶hjØ¨Ñ{×ëdgÎ
¥K£%ØKÔjÒÎ´¡ÒﬃØØ¨dßRÓÑ*ÎÒ
Ö
£%Ó
Ö
hjÓ£ÎÑ	£%ßRØ¨ÒﬃÓghRÎÑ
Ö
iÒﬃØ¨Ø1Ø¨Ñ
Ö
ÎdgÒﬃÔjØ1Õ|ÒﬃiÎÐjÑ
ìP,KÑ
Û

¿
®
ë
!­r®
Þír,´Ñ6iÑ£
Ö
â
ÎdgÒﬃÔëOÐjÒ¥KÑ
§
Ñ{i	Î¨ÐjÑWiÑÓµ£Îd
§
Ñ
Ö
i¨ÒﬃØØØ¨Ñ
Ö
ÎdgÒﬃÔjØKÕ|Ò%i´ÎÐRÑW¡ji¨ÒO×jh
Ö
ÎdgÒﬃÔËÒ%ÕàÎÐRÑW×jdgî[ÑiÑÔ/ÎÔÉh
Ö
ÓÑ{d
¡Òﬃ¡jhjÓ£ÎÑ{×dgÔ9ÎÐjÑ

¿
®
~#ZYìP,KÑFiÑ£
Ö
ÎdÒ%Ô¥´ÑiÑF×jÑ{Î¨Ñi¨ÚLdÔRÑ×
Û
cedgfﬃhji¨Ñ
kmlgn
ﬁﬃÞ
l
nï
¸
ð
ûEñ
ü{ýiþ ß

üð@ýÕþJý#ò	àký ü{ý´ üóý
ñ
ýiþ
óhýOü
ôeõmö
ã
Ñ{÷Fø ¡j£%iÎ
l
f/£Î¨Ñ ù
Ñ£
Ö
Î¨dÒﬃÔú
°
i¨£%ÔjØ¨dÎdgÒﬃÔ û	ü
ý
öþ¡RØø ß 
ß   
¿	F¿

ö
Èø
n
¹
ﬀ
Û
n
Þ
Û
ÄÉ
Ã
Þ ¡ë×ëÎ

S 8
ï
;
Z
Ý
;

Ý
¸
k 
Ý
¹
nUkOn
Û
n
Þ
Û
ÄßÄ
Þ ¡ë×ëÎ rS 8
;
Z
ï
;
nï
¹
n
¸
Ý
ﬃ¸
Û
ï
Þ
Û
È8ßKÉ
Þ
n
V

ì
²
i}8
ï
.
Ý

Z
ï
.
Ý
;

k
¹
Ý
ï
ﬁ
ï
Û
n
Þ
Û
Æ
Ã
Æ
Þ
â

Tè
£v8
k
.
Ý
;
Z ﬁ%.
Ý
;

ïﬃï
/¹

ï

Û
n
Þ
Û
Â+Â
Ä
Þ ¡ë×ëÎ

S 8
k
;
Z 
;

n kmn
k
ﬁ%¹
Û
n
Þ
ÛÛ
ß
Ã
È
Þ
n
V 
²
i}8
ﬀ


Z


ﬀ
¸ﬃ¹
ï

ﬀ

ﬀ
Û
n
Þ
Û
ÁÂÁ
Þ
n
V1ë
Ý
V
!­ ®
8
ï
.
Ý
;
Z ﬁ%.
Ý
;

â
n
¹%¹
ﬀ
ﬁ
ï
Û
k
Þ
Û
Á2Ã+Ã
Þ ¡ë×  S 8
ﬀ


Z
k
;
nﬃn
¹ﬃ¹
k
ﬁ
ï
¸
Û
n
Þ
Û
Ã
Æ+Ê
Þ ¡ 

S 8ﬁﬃ.
Ý
;
Z
ï
.
Ý


Ý
Ù
n
¹
Ý
ﬁ
n
¹
Ý
n
Û
ï
Þ
Û
ÄÉtÈÈ
Þ
â

Tè
£v8
k
.
Ý 

Z
k
.
Ý
;
Ý
l

n

n
¹/ﬁ%ﬁ
ÛÝ
Þ
Û
ÄÉ
ÃDÁ
Þ
â

Tè
£v8
nUk
.
Ý
;
Z
nﬃn
.
Ý
;
Ý

ïRn
nﬃnﬃn

Û
ï
Þ
Û
Ä+Ä+ÄÈ
Þ ¡ 

S 8
nﬃn
.
Ý
;

Z ﬁ%.
Ý
;


l
ﬀ
n
ﬀ
n
ÝﬃÝ
¸
ÛÝ
Þ
Û
Ä<È+ÈKÊ
Þ
â

è
£v8ﬀ


Z
Ý


ïRl
¹
ïRn
n
Ý
ﬀ%ﬀ
Û
ÉÞ
Û
Ä<È
ÁÃ
Þ
n
V

ì
²
i}8
ï
.
Ý
;
Z ﬁﬃ.
Ý
;

Å
k
¹ﬃ¹
k
n

ïmn
ÛÝ
Þ
Û
Ä
Â
Æ È
Þ
n
V

²
i}8


Z
Ý

Ý
l

k

n

ﬀ
¹
ÛÝ
Þ
Û
Ä
ÂÁ
Ä
Þ
n
V 
²
i}8
Ý


Z ¹


nﬃln n
¹
n
nUk
Ý
k
ÛÝ
Þ
Û
Äß Èß
Þ
â

è
£v8
Ý


Z ¹


¹
l
¸
Ý
¸
ﬀ
n
ﬀ
¸
n
Û
ï
Þ
Û
Ä
Á2Ã
Ç
Þ
â


è
£v8
nﬃn
.
Ý
;
Z ﬁﬃ.
Ý
;

nﬃl
¹
ï
Ý
n
ﬁ
ÝjÛ
ï
Þ
Û
ÄÇ+ÇtÈ
Þ
n
V1ë
Ý
V
!­r®
8
ï
.
Ý
;

Z ﬁ%.
Ý
;

â
Ý
¹
×jÒﬃhjßjÓgÑ{Î
!­r®
8
n
.
Ý
;
Z
ï
.
Ý
;
ﬂﬃ "!#$&%('*),+
!­,-/.
ì0
ﬃ21
34-ﬀ5þ!­ -76	89:5O
ì,;
ﬂ
.
ì0
ﬃ21
34-ﬀ5þ
ì;
ﬂ
6<9=8
'
,;
ﬂ
.
ì0
ﬃ21
34-ﬀ5
;
ﬂ
6<9
'
5
,>
.
ì0
ﬃ21
34-ﬀ5
>
6@?A8
'
5
,B
'
5þ
B
5


>
.
ì
0
ﬃ21
3
-ﬀ5


>
6@?
'
5
DC

.
ì
0
ﬃ21
3
-ﬀ5
DC
(E'
6F5


C

.
ì
0
ﬃ21
3
-ﬀ5


C

8
'
6
°
£%ßjÓÑ
kml ï
8#}Ot,GµvﬀH(I
s{p
tKJL¬t,G

H
p,M
t
M
vﬀH
pON/s
t
sQP
t
s4NRM
H]tPy
s
G
s2P
t
M
vﬀH
3
}#~#ZYì"S
s
t

H
s
H
s
GTIU
v%x^WV9
s{YX[Z
VO]\v9_^a`Y^bSdcfeﬀe/I
s
Gu

H
Mhg
u uEv
NWgi s{p
tkjmlnpoqsrAt"u

H
N
jmlnpovqwrﬁxuk\
s
G
s
gUpsQN
x|vG6tPy
s
u
sp g
G
s
u
s
Ht
p
V´
y
syNÉ
t

\
s
G
s
t


s
H
M
H{z yUv
g
G
p
v%x}|
s
u
t
M
u
s
\
M
tPy

P~g
G@G
s
Ht*v%xzﬁﬁ
q
c
s~i sQP
t,G
MP7i[P
vG<G
s{pTq
vﬀH
NﬀM
H(I]t!v
X
t"í
q/qUp
V
^&H©tPy
sŁ
G
p
t
P
v
ig
uH©tPy
ss
H
s
GIU
s 
t,G
2P
t
sQN
xGµvRu v
q/qi s
GL
P
vG<G
s4P
t
s4N«prqﬃsQP
t,G
M pYP
vmu
q
G
sQN
\
M
tPytPy
s/iM
t
s
G

t
g
G
sK7igUsp

M
H
q
G
s
HtPy
sp,Mp
VvG#tPy
s
v
q/qi s
G
P
v7G@G
s4P
t
M
vAHtPy
sW/q/q
Gv
q
G
Mþ
t
s

M
H
s
u

t
MPp
\
s
G
s¢Éq/qiMsQNs,~Psq
tx|v7G
tPy
s

"
L
iM
H
s
tﬁxﬁzC
sTf
\
y
M P
y\
p]s 
t,G
2P
t
sQN
xGµvmu

H
g
H
P
v7G@G
s4P
t
sQNÙpTq%sQP
t,G
g
u
pss
t
s,
t

Vf^&HtPy
s9psQP
vﬀH
NP
v
i[g
u/HtPy
s¦q
Gt
M P~i s
I

t
sp
t!v
ps~i s4P
t
Ps
Ggt
M
HG
s(P
t
M
vﬀH
P
y

HH
s2i p
G
sN/sqﬁMP
t
s4N
V
y
ss ~P2M
t
sQNp
t

t
sP
vG@G
sprq
vAH
NﬀM
H(I9t!v
tPy
s
u
sp g
G
s4N
JL
s
H
s
GI~U
P
H|
s
vﬀ|t
M
H
sQN
xGµvRu tPy
s
tPy
M
G
NP
v
i[g
u/HGù
M
GprúV	y
s
y
7i M
x
s

H
N
tPy
s
G
s~i
t
M UsP
Gv
pp
psQP
t
M
vﬀH¶t!vËvﬀ|
ps
G
Us
tPy
s
JmLG

U

G
s¤p
yUv\KH
M
HtPy
s
x|v
g
GgtPy

H
NŁ
xtPy
P
v
i[g
u/H
p4
G
sprqﬃsQP
t
M Us2i
UQV
ß
ß

ìPX
ýY!6KMý®ü{þ
û
ER Mýiþ nï


kW ¢¡
Ö
ÒﬃÚL¡[ÒﬃhRÔj×

è
£

ï¤£
J
¥¦¨§

Ý
£
J
©mª«§

ï¬
­mª¢§

Ý
¬
ª¦¨§


SrS
ﬃ¹m® H
¯7¦¦«§
ï

® H
ª«§


²
i
!­Pè
Ó

í
è
Ó
ï
ﬀ¤°
±³²7´µ
ï
ﬁ
°
¯7¦m¦d§
cedgfﬃhji¨Ñ
kmlgn
ﬁ98¶
s2i
t
M Usq
v
qgi
t
M
vﬀH
q
Gµvﬀ|

|
MhiM
t
Ms{p
v%xtPy
s
G
s(P
t
M
vﬀH
3
}#~[Z
ì
S
s	
t

H
s
H
s
GTIU
v%xWV¶
s{YX[Z
V
y
s6q
Gvﬀ|

|
M[iM
t@U	t!v
q
v
qgi
t
s!­
}
Mpps
tt!vtﬁV	y
s
H
g(P~i s2M
\
M
tPy6x
ﬁM
Ht
i s
t)t
s
G
p
y
"Us
HUv%tO|
ss
Hvﬀ|
ps
G
Us4N
vG
s~i 
t
M Us¶q
v
qgi 
t
M
vﬀH
q
GµvA|

|
M[iM
t·U|
s~i
v\-¸

V
n/¹
ð
ûEñ
ü{ýiþ ß

üð@ýÕþJý#ò	àký ü{ý´ üóý
ñ
ýiþ
óhýOü
°
ÐjÑÈÕ|hjØdÒﬃÔ
â
Ñ
§
£%¡Òﬃi¨£ÎdgÒﬃÔ
Ö
Ð(£ÔjÔjÑÓdgØEÎÐRÑÈØÎ¨i¨ÒﬃÔjf%ÑØÎ
Ö
Ðj£%ÔjÔjÑ{ÓÓÑ£×jdÔjf«Ú«£%dgÔjÓgä9Î¨Ò¹
è
£
£%Ôj×w
Tè
£
l°
ÐjÑ1V
â
Ñ{ÚdgØ¨ØdÒﬃÔ
Ö
Ðj£%ÔjÔjÑ{ÓOdgØÒﬃÔjÓäEØÓdf%ÐÉÎ¨Ógä
¥KÑ£
ã
Ñ{iQº"
²
ià£Ôj×©£	ØÚ«£ÓÓﬃ£ÚÒﬃhRÔÉÎ
Ò%Õ

ì
²
i
£%i¨Ñ©¡jiÒm×jh
Ö
Ñ×
l°
ÐRÑ¤ÎÐRdi¨×ØÎ¨i¨ÒﬃÔRfﬃÑØÎ
Ö
Ð(£ÔjÔjÑÓ^dØ*Î¨ÐjÑ¤ÔRÑhRÎ¨i¨ÒﬃÔ
â
¡jd
ÖPã
hj¡¢ÓÑ£×jdÔjf
ÎÒ
!­®[l#°
¥´Ò¡[Ò%Î£%Ø¨ØdhjÚ dØÒ%ÎÒ%¡[Ñ{Ø
Û
PS¶ë»

S©Þ6£%iÑÈ¡ji¨ÒO×jh
Ö
Ñ×¼dÔ¦£%ÔAdÔ
Ö
ÒﬃÚL¡jÓÑTÎÑFÕ|hjØ¨dgÒﬃÔ
i¨Ñ£
Ö
Î¨dÒﬃÔ
Û
P'¤ë

' ÒﬃßRØ¨Ñi
§
Ñ{×¦dÔ9ÎÐRÑ©ØdÓgd
Ö
Ò%Ô«ÎÑ{ÓÑØ
Ö
Òﬃ¡ÑÞ
l
²
Óµ£i¨fﬃÑ
§
£i¨dÑTÎ)ä«ÒÕeiÑ£
Ö
ÎdÒ%Ô
Ö
Ð(£%ÔjÔRÑÓØ*¥K£%Ø*ÒﬃßjØÑi
§
Ñ×¥	ÐjÑÔÎÐRÑìP,KÑWÎP£i¨fﬃÑTÎ¥£Ø
hRØ¨Ñ×
l
¼WhjÑÎÒ¼ÎÐjÑÎÐRÑ4Ó£%i¨fﬃÑhjÔ
ã
ÔRÒU¥	ÔçØ
Ö
£ÎÎÑ{i¨dÔRfÙ£%ÔRfﬃÓÑÒ%Õ6ÎÐjÑÐjÑ£
§
ä i¨Ñ£
Ö
ÎdgÒﬃÔ ¡ji¨ÒO×jh
Ö
Î
£{¼WÒﬃ¡j¡RÓÑi
Ö
Òﬃii¨Ñ
Ö
ÎdgÒﬃÔC¥	dgÎ¨ÐjÒﬃhRÎ¶¡j£%iÎ¨d
Ö
ÓgÑ«×jÑTÎÑ
Ö
ÎdgÒﬃÔ ¡jiÒ
§
Ñ×éÎÒ¦äOdÑ{Ó× ÒﬃÔRÓgäzÚÒO×jÑi¨£ÎÑ
i¨Ñ{Ø¨hjÓÎØ
l*²
Ø¨dÓgd
Ö
ÒﬃÔIÎÑ{ÓÑØ
Ö
Òﬃ¡Ñ¼×jÑ{Î¨Ñ
Ö
ÎÒﬃi9¥K£%ØÔjÑÑ{×jÑ×-ÎÒéd×jÑ{Ô/ÎdgÕä ÎÐjÑ¼ÓgdfﬃÐ/Î9iÑ£
Ö
ÎdÒ%Ô
¡jiÒm×jh
Ö
Î
lÉ°
ÐjÑ6×jÑ{Î¨Ñ
Ö
ÎdÒ%Ô«Ò%Õ[ÎÐjÑ
ÓdgfﬃÐ/Î´¡j£%iÎ¨d
Ö
ÓgÑ	£%ÓÓgÒ¥KÑ{×LÎ¨Ò×jdgØÎdgÔjfﬃhjdgØ¨Ð]ßÑ{Î)¥´ÑÑÔ9×Rdgî[Ñi
â
ÑÔ/ÎiÑ£
Ö
ÎdÒ%Ô
Ö
Ð(£%ÔjÔRÑÓØ
l
c(hjiÎ¨ÐjÑiÚÒ%i¨Ñ´Î¨ÐjÑ
ã
dÔjÑ{Ú«£Îd
Ö
Ø
Ö
ÒﬃhjÓg×¶ß[Ñ
Ö
£%Ó
Ö
hjÓµ£ÎÑ×#ëØÒWÎÐ(£Î£%Ô
dÚL¡jiÒ
§
Ñ×¼WÒﬃ¡R¡jÓÑ{i
Ö
Ò%i¨i¨Ñ
Ö
Î¨dÒﬃÔ¥K£%ØÒﬃßmÎP£%dgÔjÑ×
lª
dgÎ¨ÐÎÐjÑ	£d×ÈÒ%Õ(Î¨ÐjÑÎÑ{ÓÑ{Ø
Ö
Ò%¡[Ñ×RÑ{ÎÑ
Ö
Î¨Òﬃi
Ø¨Ñ
§
Ñ{i£%ÓßRi¨Ñ£
ã
â
hj¡ëdÔ
Ö
ÒﬃÚL¡jÓÑTÎÑ
â
Õ|hjØ¨dgÒﬃÔ4£%Ôj×¢Õ|hjØdÒﬃÔ
â
Ñ
§
£%¡Òﬃi¨£ÎdgÒﬃÔ
Ö
Ð(£%ÔjÔjÑ{ÓØWßÑØd×jÑ{ØEÎÐRÑ
ÔjÑ{hRÎiÒﬃÔ¦Îi¨£%ÔjØÕ|Ñ{iEÎÒ
!­r®
¥KÑ{i¨Ñ¶dg×jÑÔ/Îdb½(Ñ×AÓgÑ£%×RdÔjfLÎÒ9£%ifﬃÒﬃÔë¡Ò%ÎP£%ØØ¨dghjÚ £%Ôj×
Ö
£Ó
Ö
dghjÚ
dØÒ%ÎÒ%¡[Ñ{Ø
lU²
ØÑ
¯
¡[Ñ
Ö
Î¨Ñ×ÈÎÐRÑK¡jiÒ%ÎÒﬃÔ
â
Îi¨£%ÔjØÕ|Ñi
Ö
Ð(£%ÔjÔRÑÓm¥K£%Ø^ÎÒOÒ6¥´Ñ£
ã
ÎÒ6ß[Ñ1ÒﬃßjØÑi
§
Ñ×
l
")Ô
ÎÐRÑ6ÚLÑ£%Øhji¨Ñ{ÚÑ{Ô/Î1Î¨ÐjÑ
¡ji¨ÒﬃßRÓÑÚ Ò%Õ#ÓgÒﬃÔjfFÓdÕ|Ñ{Î¨dÚLÑØÒ%Õ#Ñ
¯mÖ
dÎÑ{×«ØÎ£ÎÑ{Ø1¥K£%Ø1ÑÔ
Ö
ÒﬃhjÔ/ÎÑ{i¨Ñ{×
l
c(ÒﬃiËÓgdgÕ|Ñ{Î¨dÚLÑØ£%ßÒ
§
Ñ
Ý
¹ﬃ¹C¡jØËÎ¨ÐjÑ¼£%ØØ¨hjÚL¡RÎdgÒﬃÔIÎÐj£ÎËÎÐRÑ¾J
â
i£ä dØËÑ{ÚdÎ¨ÎÑ{×
Ö
ÓgÒﬃØ¨Ñ¢Î¨Ò
ÎÐRÑ©Î£%i¨fﬃÑTÎEdgØ	ÔjÒ«ÓgÒﬃÔjfﬃÑ{i	Î¨i¨hjÑë;Ø¨ÒÎ¨Ð(£Î	ÎÐRÑ¤¥	d×mÎÐÒ%ÕÎÐRÑ}¼WÒﬃ¡R¡jÓÑ{i
â
Ö
Òﬃi¨iÑ
Ö
ÎÑ×J
â
ÓgdÔjÑdgØ
ßjiÒ/£%×jÑ{ÔjÑ×A£Ôj×¦Ø¨ÐRdgÕÎÑ{×
l
"¬ÕÎÐRÑÓdÕ|Ñ{Î¨dÚLÑWÑ
¯mÖ
Ñ{Ñ×jØ©Ì
n
¹«ÔRØë[£
Ö
Ò%ÔjØ¨dg×jÑi¨£%ßjÓÑ¤£%ÚLÒﬃhjÔ/Î
Ò%Õ
Ñ
¯mÖ
dgÎÑ{×4ÔÉh
Ö
ÓÑ{dÑÚLdgÎ*ÎÐRÑdiYJ
â
i£ä9£ÕÎ¨Ñi*ÓgÑ£
§
dÔjf¶ÎÐRÑFÎ£%i¨f%Ñ{Î
Ö
Ð(£%Úß[Ñ{i
l
°
ÐjÑ*Ñ
¯
¡ÑidÚLÑÔ/ÎP£ÓRØ¨ÑTÎhj¡LÒ%Õ[ù
ô3
â
"
®jÍ
³
¼ô¼dØ¡jiÑ¡(£i¨Ñ×¶Õ|Òﬃi^ÎÐjÑ*hRØ¨Ñ*Ò%ÕßÑiäOÓgÓdhRÚ+Î£%i
â
fﬃÑTÎØ
là²
Óµ£i¨fﬃÑ]£%ÔRÔOhRÓµ£%iØdÓd
Ö
ÒﬃÔAÎ¨ÑÓÑ{Ø
Ö
Òﬃ¡[Ñ]×jÑTÎÑ
Ö
ÎÒ%i©¥	dgÓÓßÑL£
§
£%dgÓµ£%ßRÓÑÈ¡ÑiÚdÎ¨ÎdgÔjfËÎÐRÑ
ÔjÑ
Ö
ÑØØ£%iä9¡(£%iÎd
Ö
ÓÑ6d×jÑ{Ô/Îd½
Ö
£Î¨dÒﬃÔ«£%Ôj×9Ø¨hm·
Ö
dÑ{ÔÉÎK¼WÒ%¡j¡jÓÑ{i
Ö
Òﬃi¨iÑ
Ö
Î¨dÒﬃÔ
lR°
ÐjÑßÑiämÓgÓdghjÚ
ÎP£i¨fﬃÑTÎÈ¥	dÓgÓ´ßÑ9hjØ¨Ñ{× Õ|ÒﬃiÎ)¥´Ò iÑ£%ØÒﬃÔjØk8
²
ØÈÎ¨ÐjÑ9¡ji¨ÒÎÒﬃÔ
â
Îi¨£%ÔjØÕ|Ñ{i
Ö
Ð(£%ÔRÔjÑÓdgØÈØÎ¨i¨ÒﬃÔRfﬃÓgä
Ø¨hR¡j¡ji¨Ñ{Ø¨ØÑ×ëj¥	ÐjÑ{Ô£ß[Ñ{iäOÓÓgdhjÚ Î£%i¨f%Ñ{ÎdgØ´hRØ¨Ñ×#ëjdgÎ´dØ´¡[ÒﬃØØ¨dgßjÓÑ
ÎÒÈ×jdgØÎ¨dÔjfﬃhRdØ¨Ðß[ÑTÎ)¥KÑ{ÑÔ
ÎÐRÑÈÔjÑhmÎi¨Ò%Ô¼£%Ôj×¦¡jiÒ%ÎÒ%Ô¦Îi£ÔjØÕ|Ñ{i
Ö
Ð(£%ÔRÔjÑÓ
l
c(ÒﬃiEÚLÑ£Ø¨hjiÑÚLÑÔ/ÎØWÒÕ×jdgî[ÑiÑÔ/Îd£%Ó
Ö
i¨ÒﬃØØ
Ø¨Ñ
Ö
Î¨dÒﬃÔjØÎ¨ÐjÑ¶Óµ£%ifﬃÑÈØ
Ö
£ÎÎÑidÔjf£%ÔRfﬃÓÑÈÒÕ´Î¨ÐjÑ¶ÐjÑ£
§
ä¼i¨Ñ£
Ö
Î¨dÒﬃÔA¡Ri¨ÒO×jh
Ö
ÎF¥	dgÓÓ^ß[ÑL£%Ô £%×
â
§
£%Ô/ÎP£%f%Ñ©ÒÕÎ¨ÐjÑFß[Ñ{iäOÓÓgdhjÚ±ÎP£%ifﬃÑ{Î
l
¿ À ÁÃÂ Ä¢ÅÇÆ È
¿ ÉÊ ËÍÌ]Î Ï«ÐÑÉÊ Ï
ÒÓ~Ô Õ ÖÑ× Ö³Ø
®ÙÚÙ
°
ÐjÑ¶×jÑ{Ø¨dgfﬃÔAfﬃÒ/£%ÓgØ6ÒÕ1Î¨ÐjÑÛÜÝKÜÞ
²
³à³
J
â
i£ä4Ø¨¡Ñ
Ö
Î¨i¨ÒﬃÚLÑ{Î¨ÑiWÐj£
§
Ñ¶ß[Ñ{ÑÔ¼¡jiÑØ¨Ñ{Ô/ÎÑ×
l
Ü¬Î
Ð(£%Ø«ß[Ñ{ÑÔçÑ
¯
¡jÓ£%dÔRÑ×IÐjÒ¥=Î¨ÐjÑ{ä
Ö
£%ÔIßÑ¢×RÑ×jh
Ö
Ñ×çÕ|i¨Ò%Ú Î¨ÐjÑ¦iÑQßÉhjdiÑÚLÑÔ/ÎØ«Ò%ÕwJ
â
i£ä
Ø¨¡Ñ
Ö
ÎiÒﬃØ
Ö
Òﬃ¡/äçÑ
¯
¡Ñi¨dgÚÑ{Ô/ÎØ£Î_Ü
®RÍ
³
â
Î)äm¡Ñ¦i¨£%×jdÒﬃ£
Ö
Î¨d
§
Ñ¢ß[Ñ£%Ú Õ £
Ö
dÓgdgÎ¨dÑØ¶¥	dÎÐçßÑ£%Ú
ÑÔRÑi¨f%dÑØ
Ò%Õhj¡4Î¨Ò
k
Û4ÑT÷
X[Z¤l
c;Ò%i*Ø¨h
Ö
Ð¦Ñ
¯
¡[Ñ{i¨dÚLÑÔ/Î¨ØE£%ÔÑ
¯
Î¨i¨ÑÚLÑÓä9ÐjdgfﬃÐÕ|hRÓÓ
â
ÑÔjÑ{i¨f%ä
â
¡Ñ£
ã
Ñ{·
Ö
dgÑÔ
Ö
ä¶£%ÔR×¶£EÐjdgfﬃÐÈfﬃi¨£%ÔÉhjÓµ£%idgÎ)äÕ|Òﬃi¼WÒﬃ¡j¡jÓgÑi
Ö
Òﬃii¨Ñ
Ö
ÎdgÒﬃÔÈdØÔjÑÑ{×jÑ×#ë%¥	ÐjdÓgÑ´Ò%ÔjÓgä
£ËÚLÒm×jÑ{i£Î¨ÑJ
â
i¨£ä4ÚhjÓgÎ¨d¡jÓgd
Ö
dÎ)ä9Ð(£%Ø6ÎÒËßÑÈÐ(£%ÔR×jÓÑ{×
l#°
ÐjÑ]£i¨i£ÔjfﬃÑÚLÑÔ/ÎEÒ%ÕÎÐjÑ¶£i¨i£ä
Ð(£%ØWÎ¨Òß[Ñ
ã
Ñ¡RÎ¤£%Øà(Ñ
¯
dßjÓgÑ]£%Ø¡[Ò%Ø¨Ø¨dgßjÓÑ¤ÎÒ£%ÓÓgÒ¥ Õ|ÒﬃiW×jdî#Ñ{i¨ÑÔ/ÎFÑ
¯
¡ÑidÚLÑÔ/ÎP£ÓØ¨ÑTÎhj¡jØ
l
c(hjiÎ¨ÐjÑiÚÒ%i¨ÑWÎÐRÑ
Ö
ÒﬃÚL¡(£Î¨dßjdgÓdgÎ)ä¶¥	dÎÐô]áEù
Í
Þ
²
³à³
è
ÓhRØÎÑ{i	ÚÒO×jhjÓgÑØdgØ*i¨ÑQßÉhjdgi¨Ñ{×Î¨Ò
ã
Ñ{Ñ¡ ÔjÑ{¥ ×jÑ
§
ÑÓgÒﬃ¡jÚLÑÔ/Î¥´Òﬃi
ã
£ÎF£ËÚdgÔjdÚhjÚÊ£%Ôj×¦Î¨Ò£%ÓÓgÒU¥Â£
Ö
ÒﬃÚÈßjdgÔ(£Î¨dÒﬃÔ4Ò%Õ1ß[Ò%Î¨Ð
fﬃÑ{i¨Ú£%ÔjdhRÚ £%ii£äOØ
l
²
Ø¨d
¯
â
Õ|ÒﬃÓ× Ø¨Ñ{fﬃÚÑ{Ô/ÎP£Î¨dÒﬃÔ Ò%ÕWÎÐRÑ4dgÔjdgÎ¨dµ£%Ó*ô]á6ù
Í
Þ
²
³à³
ÚÒO×jhjÓgÑ9ÎÒﬃfﬃÑTÎÐjÑ{iL¥	dÎÐ ÔjÑ{¥
Ø£Ú¡jÓgdÔjfÑÓÑ
Ö
Î¨i¨ÒﬃÔjd
Ö
Ø*ÎÐj£Î	¡[Ñ{i¨ÚLdgÎ*¡RhjÓØÑ
â
ØÐ(£%¡Ñ©£%Ô(£%ÓämØdØ
Û
Á1®m²
ÞÒ%Õ^ÎÐjÑ
Ö
Òﬃi¨Ñ©£%Ôj×ÎÐRÑ
Ø¨Ñ{fﬃÚLÑÔ/ÎL¡jhjÓØÑØ]Ð(£%Ø]ßÑÑ{ÔY£%×RÒﬃ¡RÎÑ{×Y£Ø]Î¨ÐjÑß[Ñ{ØÎLÚLÑ{ÎÐRÒm× ÎÒ¼dgÚ¡jiÒ
§
ÑËÎÐRÑ×RÑ{ÎÑ
Ö
Î¨Òﬃi
fﬃi¨£%ÔÉhjÓµ£%idgÎ)äL¥	ÐjdÓgÑÚ«£
¯
dgÚdâdgÔjf¤Î¨ÐjÑÕ|hjÓÓ
â
ÑÔRÑi¨fä
â
¡[Ñ£
ã
Ñ{·
Ö
dgÑÔ
Ö
äÒ%Õ£
Ö
ÓgÒﬃØ¨Ñf%ÑÒﬃÚLÑ{Î¨iä
l
°
ÐjiÑÑ9Ø¨Ñ{fﬃÚLÑÔ/ÎÑ{× ÚLÒO×jhjÓÑ{Ø¤¥	dgÓÓß[Ñ«Òﬃ¡[Ñ{i£Î¨Ñ× dgÔ £%Ôé£%ÓgdfﬃÔjÑ{×
ï
â
è
ÓhjØÎÑ{i
Ö
iäﬃÒﬃØÎP£ÎÈÎ¨Ò
ÒﬃßRÎ£%dÔ¦£%×j×jdÎdÒ%Ô(£%Ó^Ñ{·
Ö
dgÑÔ
Ö
ä¦ß/ä¼£%×j×Rß(£
ÖPã;l²
Õ|ÒﬃhRi
â
ÚLÒO×jhjÓÑ
Ö
iäﬃÒﬃØÎP£ÎFdgØWhjÔj×jÑ{i×jÑ
§
ÑÓ
â
Òﬃ¡jÚLÑÔ/Î
l
Ü)ÔÒﬃi¨×jÑ{i
Î¨Ò]Ø¨dÚhjÓµ£Î¨ÑWÎÐjÑ©¡jiÒﬃ¡[Ñ{iÎ¨dÑØ	Ò%Õ^ÎÐRÑ¤ÔjÑT¥ ×jÑTÎÑ
Ö
ÎÒﬃi
ÚLÒm×jhRÓÑ£%ÔR×Î¨ÐjÑ
Ö
iä%ÒﬃØÎ£Î
£ØÑ{ÎÒÕàØ¨dÚhjÓµ£Î¨dÒﬃÔ¶Î¨ÒmÒﬃÓgØ´Ðj£%ØKßÑÑ{Ô9×jÑ
§
ÑÓÒ%¡[Ñ{×
lR°
ÐjÑã½(i¨ØÎKÎÒOÒﬃÓ;¥	Ðjd
Ö
Ð«dØKßj£%Ø¨Ñ{×9ÒﬃÔ«ÎÐRÑ
ä
ô
²
Ý
°éÖ
ÒO×jÑ×RÑÓd
§
Ñ{i¨ØÎ¨ÐjÑÑ{ÔjÑif%ä×RÑ¡ÒﬃØ¨dÎdÒ%ÔÈÒ%Õ(ÎÐRÑkJ
â
i¨£äOØdgÔÎÐRÑ×jÑ{Î¨Ñ
Ö
ÎÒﬃiÚ£Î¨Ñi¨d£%Ó
Õ|Òﬃi
ÎÐjÑÈ×RÑØ¨dgi¨Ñ{× Ñ
¯
¡[Ñ{i¨dÚLÑÔ/Î£%ÓeØÑ{ÎhR¡
l#°
ÐjÑ¶ØÑ
Ö
ÒﬃÔj×AÎÒOÒﬃÓ^dØWhjØÑ×¦Î¨Ò
Ö
£%Ó
Ö
hjÓ£ÎÑ¤ÑÓÑ
Ö
Î¨i¨d
Ö
n

n
n
Ý
ðKå
ñOæ:ç]èêéﬁë
*òfìÑíãAîTòfìW
½(Ñ{Ó×jØ	£%ÔR×¥´ÑdgfﬃÐ/ÎdgÔjf¶¡[ÒÎÑÔ/Î¨dµ£%ÓgØ´¥	dgÎ¨ÐjdÔËÎ¨ÐjÑ×jÑTÎÑ
Ö
ÎÒﬃi
l(°
ÐjÑWÎÐRdi¨×ËÎ¨ÒmÒ%Ó
Ö
£Ó
Ö
hRÓµ£Î¨ÑØÎÐRÑ
×jÑTÎÑ
Ö
ÎÒﬃi¡RhjÓØÑØ£%ÔR×AÑÚÈhjÓ£ÎÑ{Ø6Î¨ÐjÑ¶×(£Î£Ë£
Ö
ßÉhjdgØ¨dÎdÒ%Ô¢ÑÓgÑ
Ö
Îi¨Ò%Ôjd
Ö
Øë#ØÒËÎÐ(£ÎWØ¨dgÚÈhjÓ£ÎÑ{×
¡jhjÓgØ¨ÑFØ£Ú¡jÓgÑØ¥	dÎÐ4£]Ø¨£%ÚL¡jÓdgÔjfÈÎdgÚÑWÒÕ
Ý
k
ÔjØ
Ö
£Ô4ßÑFÒﬃßRÎP£dÔjÑ{×
l
÷1£%idÒﬃhjØ*×j£ÎP£L£%Ô(£
â
ÓgäOØdØK¡Ri¨Òﬃfﬃi¨£%ÚLØKÐ(£
§
ÑßÑÑ{Ô9hjØ¨Ñ{×9ÎÒÈÑ
¯
Î¨i£
Ö
ÎÎÐRÑW×jÑØdiÑ×dÔRÕ|Ò%i¨Ú£ÎdgÒﬃÔ¶Õ|i¨ÒﬃÚ±Ø¨dgÚÈhjÓ£ÎÑ{×
×(£Î£
lRª
ÐjÑ{ÔjÑ
§
Ñi6¡[ÒﬃØØ¨dgßjÓÑëRÎÐjÑFØdÚÈhjÓ£ÎdgÒﬃÔjØ´Ð(£
§
Ñ©ß[Ñ{ÑÔ
§
Ñid½(Ñ{×4ß/äÚLÑ£%Øhji¨Ñ{ÚÑ{ÔÉÎ¨Ø
l
°
ÐjÑ
ä
ô
²
Ý
°
Ø¨dÚhjÓµ£Î¨dÒﬃÔRØ ¡jiÑ×jd
Ö
Î £êÕ|hjÓÓ
â
Ñ{ÔjÑif%ä
â
¡Ñ£
ã
Ñ{·
Ö
dgÑÔ
Ö
ä Ò%Õ
Ý
¹
 £Î
ôeõï
n
Û4Ñ{÷Ï£%Ôj×
n(ð

 £Î´ôeõï
nﬃl ï
ÛÑ{÷-¥	ÐjÑÔ9£ÔË£%ii£ä]Ò%Õ
n
£%ÓgdfﬃÔRÑ×
ï
â
è
ÓghjØÎ¨ÑiØ´dgØ
hjØÑ×]dÔ]£%×R×jß(£
ÖPã
ÚLÒO×jÑ
lUª
dgÎ¨ÐjÒﬃhRÎ£×j×jß(£
ÖPã
Ñ{·
Ö
dgÑÔ
Ö
dÑ{ØÒ%Õ
n(ð

+£%Ôj×
n
7
 i¨Ñ{Ø¨¡Ñ
Ö
Î¨d
§
ÑÓgä
£%iÑLÑ
¯
¡[Ñ
Ö
ÎÑ{×
le°
ÐRÑ
§
£%ÓghjÑØF¥	dgÎ¨ÐjÒﬃhRÎ¤£%×j×Rß(£
ÖPã
Ð(£
§
Ñß[Ñ{ÑÔ
§
Ñid½(Ñ{×CdÔ £%ÔzÑ
¯
¡Ñi¨dgÚÑ{Ô/Î
¥	dgÎ¨Ð
Ö
£%Ógdßji¨£ÎÑ{×¹J
â
Ø¨ÒﬃhRi
Ö
Ñ{Ø
l
Ü)ÔAÒﬃi×jÑiWÎ¨ÒË×jÑ{Î¨ÑiÚdgÔjÑÎÐRÑ¶fﬃi£%ÔÉhjÓ£%i¨dÎ)äÒ%ÕÎÐjÑÛyÜÝãÜÞ
²
³^³
ÚÒO×jhjÓgÑ¤Î¨ÐjÑ
Ö
Ò%Ô
Ö
Ñ{¡RÎFÒ%Õ
½(iØÎ
dÔ/ÎÑ{i£
Ö
ÎdgÒﬃÔ9£%Ôj×Ú£%dÔËdgÔ/ÎÑi¨£
Ö
Î¨dÒﬃÔ9Ðj£%Ø*ß[Ñ{ÑÔdÔ/ÎiÒm×Rh
Ö
Ñ{×
l
Ü¬Î
Ö
£Ô4ßÑØ¨ÐjÒ¥	ÔÎÐ(£Î
Õ|Òﬃi1£©¥	dg×jÑ	i£%ÔRfﬃÑ6ÒÕ=J
â
Ñ{ÔjÑifﬃdÑ{Ø1Î¨ÐjÑiÑ6dgØ´£©Ðjdf%Ð¡jiÒﬃß(£%ßRdÓdÎ)ä¤Î¨Ð(£Î1ÎÐjÑñ½(iØÎ´dÔ/ÎÑ{i£
Ö
ÎdÒ%Ô
£%Ôj×]ÎÐRÑ6Ú£%dÔ¶dgÔ/ÎÑi¨£
Ö
Î¨dÒﬃÔL£%iÑ	ÓÒ
Ö
£Î¨Ñ×
§
Ñ{iä
Ö
ÓgÒﬃØ¨Ñ*ÎÒ%fﬃÑ{Î¨ÐjÑiÒﬃiÑ
§
ÑÔ
Ö
ÒﬃdÔ
Ö
d×RÑ
l
c(ÒﬃiÎÐRÑ
i¨Ñ{Ú«£dÔjdgÔjfËÑÔRÑi¨f%dÑØWÎ¨ÐjÑL£%ÔjfﬃhRÓµ£%iW×RÑ
§
dµ£Î¨dÒﬃÔAßÑ{Î)¥´ÑÑ{ÔzÎ¨ÐjÑ]×jdiÑ
Ö
Î¨dÒﬃÔ¦Õ|iÒﬃÚ Î¨ÐjÑÈÎP£i¨fﬃÑTÎ
ÎÒLÎÐjÑ¤Ú«£dÔ¢dgÔ/ÎÑi¨£
Ö
Î¨dÒﬃÔ4£%Ôj×4ÎÐjÑ¤×jdiÑ
Ö
Î¨dÒﬃÔ4Ò%ÕÑJ
â
Ñ{ÚdgØ¨ØdÒﬃÔdØ
hjØ¨hj£%ÓÓäØ¨Ú£%ÓÓÑ{ÔjÒﬃhjfﬃÐ#ë
Ø¨Ò¶Î¨Ð(£Î	£%Ô£
ÖÖ
Ñ{¡RÎP£ßjÓÑs¼WÒﬃ¡R¡jÓÑ{i
Ö
Ò%i¨i¨Ñ
Ö
Î¨dÒﬃÔi¨Ñ{Ú«£dÔjØ´¡[ÒﬃØØ¨dgßjÓÑ
lR°
ÐjÑÚ£%dÔ«dÔ/ÎÑ{i£
Ö
ÎdÒ%Ô
×jÒﬃÚLdÔj£ÎÑ{ØWÎÐjÑLØ¨Ð(£¡[Ñ{Ø¤Ò%Õ1ÎÐRÑ×jÑTÎÑ
Ö
ÎÒ%i©¡RhjÓØÑØ¤£%Ôj×
Ö
£%Ô ÎÐjÑ{i¨Ñ{Õ|Ò%i¨Ñ]ß[Ñ]ÓgÒ
Ö
£ÎÑ{×zÚLÒﬃi¨Ñ
Ñ£Ø¨dÓä4Î¨Ð(£%Ô¼£%Ô/äAÒÎÐjÑ{iWdÔ/ÎÑ{i£
Ö
ÎdgÒﬃÔ
l
Ü)Ô
Ö
ÒﬃÔjØ¨Ñ4ßÉhjÑÔ
Ö
Ñ%ë^£
§
Ñ{iäAfﬃÒOÒO×¦¡jÐ/äOØ¨d
Ö
£%ÓÓgdÚLdgÎ
Ò%Õ
ÎÐRÑfﬃi£ÔOhRÓµ£%idgÎ)ä
Ö
£%Ô¶ßÑ¡jiÑ×jd
Ö
Î¨Ñ×¶Õ|Òﬃi:J
â
ÑÔjÑ{i¨fﬃdgÑØßÑÓgÒU¥
Ý
¹%¹
ã
ÑT÷Ï£Ôj×]£%ßÒ
§
Ñfòﬃ¹ﬃ¹
ã
Ñ{÷ë
dÔ
â
ßÑ{Î)¥´ÑÑÔ4£]ÚÒO×jÑi¨£ÎÑf%i£%ÔÉhjÓ£%i¨dÎ)ä«Ð(£Ø	Î¨Ò]ß[ÑFÑ
¯
¡Ñ
Ö
ÎÑ×
l
²
ØCÎ¨ÐjÑ
Ö
hji¨iÑÔ/ÎóÛÜÝãÜÞ
²
³à³
ÚLÒm×jhRÓÑØÙ£%i¨ÑçÔRÒ%Î Ø¨Ñ{fﬃÚLÑÔ/ÎÑ{× dgÔôâ
â
×jdiÑ
Ö
Î¨dÒﬃÔ#ë£
ï
â
×jdgÚÑ{ÔjØ¨dgÒﬃÔ(£%Ó(¡ÒﬃØ¨dÎdgÒﬃÔ×RÑ{ÎÑ{i¨ÚLdÔ(£ÎdÒ%ÔLÒÕÎÐjÑ6Ú«£%dgÔ]dÔ/ÎÑ{i£
Ö
ÎdÒ%Ô«dØ1dÚL¡ÒﬃØ¨ØdßjÓgÑ%ëﬃØÒÎÐ(£Î
ÎÐRÑÈ¡jÐ/äOØ¨d
Ö
£%ÓÓgdÚLdgÎ	Ò%ÕÎ¨ÐjÑÈfﬃi¨£%ÔÉhjÓµ£%idgÎ)ä
Ö
£%ÔjÔjÒ%ÎWß[ÑÈiÑ£
Ö
ÐRÑ×
l
Ü)ÔRØÎÑ£%×AÒﬃÔjÑ¤Îi¨dgÑØEÎ¨ÒË×jÑ
â
ÎÑ{i¨ÚLdÔjÑWÎ¨ÐjÑFi£%×RdhjØ	£%ÔR×Î¨ÐjÑ©£%ÔjfﬃÓgÑE¥	dgÎ¨ÐiÑØ¡[Ñ
Ö
Î
ÎÒ£]f%d
§
Ñ{Ô4iÑ{Õ|Ñ{i¨ÑÔ
Ö
Ñ©×jÑ¡RÎ¨Ð
l
°
ÐjÑ¶ØÑfﬃÚLÑÔ/ÎP£ÎdÒ%ÔAdØ6Î¨ÐjÑ¶ÚLÒﬃØÎEdÚL¡[ÒﬃiÎP£%Ô/Î6ÚÑ£%Ø¨hRi¨ÑÈÎÒ9Ñ{ÔjÐ(£%Ô
Ö
ÑÈÎÐRÑ¶fﬃi£%ÔÉhjÓ£%i¨dÎ)äÒ%Õ
ÎÐRÑÛÜÝãÜÞ
²
³à³
ÚLÒm×RhjÓÑë;¥	dÎÐjÒ%hRÎEÎ¨ÐjÑÈØ¨Ñ{fﬃÚLÑÔ/ÎP£Î¨dÒﬃÔ4ÎÐjÑ{i¨Ñ¶dØ6ÔjÒ9£%ÔRfﬃhjÓµ£iEdÔmÕ|Òﬃi¨Ú£
â
ÎdgÒﬃÔÈ£Î£%ÓgÓm£Ôj×ÎÐRÑi£%×RdhjØ×jÑ{Î¨Ñi¨ÚLdÔj£ÎdgÒﬃÔ¤dgØÚLÑ£ÔjdÔjf%ÓÑØØ
l°
ÐjÑß(£Ø¨d
Ö
£%ÔjfﬃÓgÑK£ÓfﬃÒﬃidgÎ¨ÐjÚ
ÎÐj£ÎKdgØ´Ò%ÔjÓgä]ß(£Ø¨Ñ×9Ò%ÔÎÐRÑEÑÔRÑi¨fädgÔRÕ|ÒﬃiÚ«£Î¨dÒﬃÔ]Ò%Õ#ÎÐjÑ6Ø¨Ñf%ÚÑ{ÔÉÎ¨Ø£%Ógi¨Ñ£%×Rä]i¨Ñ{×jh
Ö
ÑØÎÐRÑ
¥	d×mÎÐ¦Ò%Õ£¹¼WÒﬃ¡j¡jÓgÑi
â
Ö
Ò%i¨i¨Ñ
Ö
Î¨Ñ×J
â
ÓgdÔjÑFß/ä4ÚÒﬃiÑ¤Î¨Ð(£%ÔA£]Õ £
Ö
Î¨ÒﬃiEÒ%Õ
Ý
l²
Õ|hjiÎ¨ÐjÑiEØ¨df%Ôjd
â
½
Ö
£%Ô/ÎKdgÚ¡jiÒ
§
ÑÚLÑÔ/Î1Ò%Õ[ÎÐjÑ6£%ÔjfﬃÓgÑ	£%Óf%Òﬃi¨dÎÐjÚ
Ö
£%ÔLß[Ñ6£
Ö
ÐjdgÑ
§
Ñ×Ëß/ä]Ø¨Ñ{fﬃÚLÑÔ/Î
Á1®m²¤lÉ°
ÐjÑ
i£×jdµ£%ÓÉiÑØ¨Ò%ÓhRÎ¨dÒﬃÔ¤dØeÒ%ßRÎP£%dgÔjÑ×¤ß/ä
Á1®m²
ÒÕ(ÎÐjÑ
Ö
Òﬃi¨Ñ
Ö
ÒﬃÔ/Î£
Ö
ÎØdfﬃÔj£%Ó
lU°
ÐjÑØÎÑ{Ñ¡ÑØÎ
â
ØÓÒﬃ¡Ñ
£%ÓgfﬃÒﬃi¨dÎÐjÚ
Ö
£%Ô¼¡ji¨Ò
§
d×RÑ¶£
Ö
ÒﬃÔRØ¨d×RÑi£ßjÓÑÈi¨£%×jd£%ÓiÑØÒﬃÓhRÎ¨dÒﬃÔ¢Ñ
§
Ñ{ÔÙ£ÎÚÑ{×jdhRÚ Ñ{ÔjÑifﬃdÑ{Ø
éëbõﬁë
óîìãîö÷åOíøí n

ï
ßÑ{Î)¥´ÑÑÔ
Ý
¹ﬃ¹
ã
Ñ{÷Ï£%Ôj×òﬃ¹ﬃ¹
ã
ÑT÷ÈëÉÎÐjÑ
i¨Ñ{Ø¨ÒﬃÓghRÎdgÒﬃÔ]dÚL¡ji¨Ò
§
ÑØÕ|ÒﬃiÓµ£%ifﬃÑiÑ{ÔjÑifﬃdÑ{Ø
lÉ²
ØÎÐRÑ
£%i
Ö
â
ÓgÑÔjfÎÐ¢iÑØÒﬃÓhRÎ¨dÒﬃÔ4i¨Ñ{Ú«£%dgÔjØ6£%ÓÚLÒﬃØÎ
Ö
Ò%ÔjØÎ£%Ô/Î£ÎEÑÔjÑ{i¨fﬃdgÑØ£%ßÒ
§
Ñ
n
Û4Ñ{÷ £%Ôj×¦ÎÐRÑ
i£×jdµ£%ÓiÑØÒﬃÓhRÎ¨dÒﬃÔ¼×jÑ
Ö
ÓgdÔjÑ{Øë^£iÑ×jh
Ö
ÎdgÒﬃÔÙÒÕKÎÐRÑ¹¼WÒﬃ¡j¡RÓÑi
â
ØÐjdgÕÎiÑÓ£ÎÑ{×z¥	d×mÎÐ Ò%ÕÎÐRÑ
i¨Ñ{Óµ£Î¨d
§
ÑÑÔjÑ{i¨f%ä9iÑØÒﬃÓhRÎ¨dÒﬃÔdgØ*Ñ
¯
¡[Ñ
Ö
Î¨Ñ×4Õ|Ò%i*Óµ£%ifﬃÑiYJ
â
Ñ{ÔjÑifﬃdÑ{Ø
l
°
ÐjÑRÛyÜÝãÜÞ
²
³^³
×jÑTÎÑ
Ö
ÎÒﬃiÚÒO×jhjÓgÑØ]¥	dÓgÓ
ßÑ¢ÚLÒﬃhjÔ/Î¨Ñ×IdgÔI£%ÓgdfﬃÔjÑ{×
ï
â
è
ÓhRØÎÑ{i
Ö
iäﬃÒ
â
ØÎ£ÎØ{ë(¥	Ðjd
Ö
Ð4£%i¨Ñ©£
Ö
ÒﬃÚL¡jiÒﬃÚdgØ¨ÑWßÑ{Î)¥´ÑÑ{Ô¦Ñ{·
Ö
dÑÔ
Ö
ä4£%Ôj×fﬃi£ÔOhRÓµ£%idgÎ)ä
lR°
ÐjÑ¤ÑT·
Ö
dÑ{Ô
Ö
ä
dÚL¡jiÒ
§
ÑÚLÑÔ/Î¤ßÉäz£%×R×jß(£
ÖPã
Ð(£%ØFÎÒ4ß[ÑL¡(£%dg× Õ|Ò%i¤ß/ä £4ÚLÒﬃiÑL×Rdg·
Ö
hjÓÎ¡ÒﬃØdgÎdgÒﬃÔ¼×jÑ{Î¨Ñi
â
ÚLdÔ(£Î¨dÒﬃÔ#ëØdÔ
Ö
ÑÈÎÐjÑ¶ÚLÒO×jhjÓÑ{ØQù
Ö
ÑÔ/Î¨i¨ÑÓgdÔjÑ{Ø×jÒ9ÔjÒ%ÎF¡ÒﬃdgÔÉÎ£ÎWÎÐRÑÈÎP£%ifﬃÑ{Îë#Ø¨Ò9Î¨Ð(£ÎÎÐRÑ
Ø¨Ñ{fﬃÚLÑÔ/ÎP£Î¨dÒﬃÔÓdgÔjÑØ	£¡j¡[Ñ£%i*ÎÒLß[ÑF×jdgØ¨¡jÓ£
Ö
Ñ{×¢£Ôj×4ØÚÑ£%i¨Ñ{×¢ÒﬃhmÎ
l(²
Ø6£]i¨ÑØhjÓgÎ	Î¨ÐjÑ
Ö
Òﬃi
â
i¨Ñ{Óµ£Î¨dÒﬃÔRØKßÑ{Î)¥´ÑÑÔÎÐRÑWÎdÚLÑ
â
ÎÒ
â
ØÎ¨ÑÑ¡ÑØÎ
â
Ø¨ÓÒ%¡[ÑE£%Ôj×ËÎÐRÑJ
â
i£äÑÔ/Îiä9i£%×RdhjØ×Rdgî[Ñi´Õ|Ò%i
×jdî#Ñ{i¨ÑÔ/Î
Ø¨Ñ{fﬃÚLÑÔ/ÎØ
l
Ü¬Î
dgØÎÐjÑ{i¨Ñ{Õ|Ò%i¨Ñ©ÔjÑ
Ö
ÑØ¨Ø¨£%iäÎ¨ÒLiÑÓ£ÎÑWÎ¨ÐjÑFi£%×jdghjØ
£%Ôj×4£%ÔjfﬃÓgÑ×jÑ{Î¨Ñi
â
ÚLdÔ(£Î¨dÒﬃÔÎ¨Ò
Î¨ÐjÑK¡ÒﬃØ¨dÎdgÒﬃÔë¥	ÐjÑ{i¨Ñ´Î¨ÐjÑKdgÔjdgÎ¨dµ£%Ó2J
â
i£äF×jdgi¨Ñ
Ö
ÎdgÒﬃÔ©¡[Ñ{ÔjÑ{Î¨i£Î¨ÑØeÎ¨ÐjÑ´iÑ{Õ|Ñ{i¨ÑÔ
Ö
Ñ
¡jÓ£%ÔjÑKúQûTnpü:ïþý@ú

Û@ß
õ%Þ 
l/°
ÐRÑEi£×jdhjØ´£%Ôj×£%Ôjf%ÓÑ
£%Óf%Òﬃi¨dÎÐjÚLØÎÐjÑ{Ô«ßÑ
Ö
ÒﬃÚÑ
dÔR×jÑ¡ÑÔj×RÑÔ/Î
Ò%ÕÑ£
Ö
ÐÒ%Î¨ÐjÑi	£%ÔR×Î¨ÐjÑFi£%×Rdµ£%Ó#£%Ôj×£%i
Ö
â
ÓgÑÔjf%Î¨Ð9i¨Ñ{Ø¨ÒﬃÓghRÎdgÒﬃÔ9dØ*Òﬃ¡mÎdÚLdTâ{Ñ×
l
Ý6Ñ
§
ÑiÎÐjÑ{ÓÑ{Ø¨Ø
ÎÐRÑi¨ÑØÒﬃÓhmÎdÒ%ÔjØ
Ö
£ÔjÔjÒ%ÎñßÉhjdÎÑÚ£Î
Ö
Ð9ÎÐRÑ
Ö
Òﬃii¨ÑØ¡[Ò%Ôj×jdÔRfLiÑØÒﬃÓhRÎ¨dÒﬃÔRØÒ%Õ£¶Ø¨dÔRfﬃÓÑ6ÚÒ
â
×jhjÓgÑ¡[Ò%dÔ/ÎdgÔjf]£Î*ÎÐRÑFÎ£%i¨f%Ñ{Î
l
²
¼WÒﬃ¡j¡jÓgÑi
â
Ø¨ÐjdÕÎi¨Ñ{Óµ£Î¨Ñ×
Ö
ÒﬃÔ/ÎidßjhmÎdÒ%ÔLÎ¨Ò©Î¨ÐjÑEiÑÓµ£Îd
§
Ñ	ÑÔjÑ{i¨f%äLi¨Ñ{Ø¨ÒﬃÓghRÎdgÒﬃÔ]Ò%ÕÓgÑØ¨ØÎÐj£%Ô
¹
ln
á
dØ
£×jÑ{Ø¨dgfﬃÔ¢fﬃÒﬃ£%ÓÕ|ÒﬃiOÛÜÝãÜÞ
²
³à³
l°
ÐjdgØ6ÓgdÚLdgÎK¥´ÒﬃhjÓg×¢ÒﬃÔRÓgä9ßÑÑ
¯RÖ
ÑÑ{×jÑ×ë[dgÕ£%Ô
dÔ
§
Ñi¨ØÑ6iÑ£
Ö
ÎdgÒﬃÔ¶ÒﬃÔL£
§
Ñiä]ÓdgfﬃÐ/ÎÎP£%ifﬃÑ{Îe¥£%Ø1dÔ
§
ÑØÎ¨df/£ÎÑ×#ë/£%ÓÓm×jÑ{Î¨Ñ
Ö
ÎÒﬃiÚLÒm×jhRÓÑØ¥´ÑiÑ
¡jhRÎ
dgÔ4£Ódf%ÔjÑ×
ï
â
è
ÓhjØÎÑ{i
Ö
iä%ÒﬃØÎ£ÎØ{ë[£Ôj×¢£ÓÓ
Ö
iä%ÒﬃØÎ£ÎØ	¥KÑ{i¨Ñ©¡[Ò%Ø¨dgÎ¨dÒﬃÔRÑ×£Î*ÎÐRÑ¤ÚLÒﬃØÎ
hjÔRÕ £
§
Òﬃhji£ßjÓÑ]×jÑTÎÑ
Ö
ÎdgÒﬃÔC£%ÔRfﬃÓÑjmlnpovï

¹ﬁu
l
Ü¬Î¤dgØdÚL¡[Ò%iÎP£ÔÉÎÎ¨ÒÔjÒ%ÎÑ]ÎÐj£Î¤¹
lgn
á
Ö
Òﬃi
â
i¨Ñ{Ø¨¡ÒﬃÔj×jØ6ÎÒË£ÔA£
ÖÖ
hji£
Ö
ä4Ò%ÕÎÐRÑÈ£%Ôjf%ÓÑ©×jÑ{Î¨Ñi¨ÚLdÔj£ÎdgÒﬃÔ4ßÑ{Î)¥´ÑÑ{ÔAÎÐjÑ/à(dfﬃÐ/Î6×jdiÑ
Ö
ÎdÒ%Ô
Ò%ÕÎ¨ÐjÑ«ÔÉh
Ö
ÓÑ{hjØ¶£%Ôj× ÎÐjÑ×jdiÑ
Ö
ÎdÒ%ÔzÒ%Õ÷J
â
ÑÚLdØØ¨dÒ%ÔzÒ%Õ
ï
u
l
Ü)ÔCÒ%i¨×jÑ{i¤ÎÒÕ|hjÓÓäAÑ
¯
¡jÓgÒﬃdgÎ
ÎÐRÑEÑ
¯mÖ
ÑÓÓgÑÔ/Îf%i£%ÔÉhjÓ£%i¨dÎ)äL£%Ôj×«ÐRdfﬃÐÑÔjÑ{i¨f%äi¨Ñ{Ø¨ÒﬃÓghRÎdgÒﬃÔ«Ò%ÕøÛÜÝãÜÞ
²
³à³
dÎKdgØ1Î¨ÐjÑiÑ{Õ|ÒﬃiÑ
ÑØØ¨Ñ{ÔÉÎ¨dµ£%ÓÎÒ9×jÑTÎÑiÚdgÔjÑÎ¨ÐjÑà(df%ÐÉÎW×jdiÑ
Ö
Î¨dÒﬃÔ¢Ò%ÕÎÐjÑJ
â
Ñ{ÚdÎ¨Î¨dÔjfÔOh
Ö
ÓÑ{hjØW¥	dgÎ¨Ð¼£%Ô¼£
Ö
â
Ö
hRi£
Ö
äÒ%Õ£Î	ÓÑ£ØÎ
Ý
u
l
°
ÐjÑ]i£×jdhjØ©£%ÔR×z£ÔjfﬃÓÑ]£ÓfﬃÒﬃidgÎ¨ÐjÚØ6¡ji¨Ñ{Ø¨Ñ{ÔÉÎ¨Ñ×C¡ÑiÚdÎØ¨hm·
Ö
dÑ{ÔÉÎ¤£%ÔRfﬃhjÓµ£i£%Ôj× i£%×Rdµ£%Ó
i¨Ñ{Ø¨ÒﬃÓghRÎdgÒﬃÔ
l/°
ÐjÑE£%dÚ dØÎÒ
ã
ÑÑ{¡«ÎÐjÑ{Ø¨Ñ£ÓfﬃÒﬃidgÎ¨ÐjÚØ£%ØKØdÚL¡jÓÑ	£%Ø1¡ÒﬃØ¨ØdßjÓgÑ6ØÒ¤ÎÐj£Î´Î¨ÐjÑ{ä
ÔjÑ{Ñ×¼ÓdÎ¨ÎÓgÑF¡ji¨Ò
Ö
Ñ{Ø¨Ø¨dgÔjfËÎdgÚÑ£%Ôj×
Ö
£%ÔAß[ÑdÚL¡jÓÑ{ÚÑ{ÔÉÎ¨Ñ×4ÒﬃÔAÑdÎÐjÑ{i6ÎÐRÑ]c
Á
ä
²
ÒﬃiEÎÐRÑ
¼
®RÁ
Ò%ÕÎ¨ÐjÑOÜ
²
â
ÚLÒO×jhjÓÑ
lÉ°
ÐjdØ´dÚL¡jÓÑ{ÚÑ{ÔÉÎ£ÎdgÒﬃÔ]dØ´dÔË¡jiÒﬃfﬃiÑØ¨ØKdÔ«Ò%i¨×jÑ{i´ÎÒÐ(£
§
ÑWÎÐRÑ
£%ÓgfﬃÒﬃi¨dÎÐjÚLØ6£
§
£%dgÓµ£%ßRÓÑ¤Õ|Ò%iWÒﬃÔjÓgdÔjÑ
â
¡jiÒ
Ö
ÑØ¨ØdÔjf9Ò%Ô¼Î¨ÐjÑ	Ü
²
â
ÚLÒm×RhjÓÑÕ|Ò%iEÎÐjÑ½(iØÎFÚLÑ£
â
Ø¨hRi¨ÑÚLÑÔ/Î
Ö
£%ÚL¡(£%dgfﬃÔjØ
l
ª
dgÎ¨Ð9ÎÐjÑFdÚL¡jÓgÑÚLÑÔ/ÎP£Î¨dÒﬃÔLÎÐjÑF×jÑ
§
Ñ{ÓÒﬃ¡jÚLÑÔ/Î
Ò%Õe£%ÔjfﬃÓgÑF£%Ôj×i£×jdhjØ	£ÓfﬃÒﬃidgÎ¨ÐjÚØ´dØ*ÔjÒÎ
nﬁ
ðKå
ñOæ:ç]èêéﬁë
*òfìÑíãAîTòfìW
ÑÔR×jÑ×
l°
ÐRÑdgÚ¡Ri¨Ò
§
Ñ{×
Ö
ÒﬃÚL¡jhRÎdgÔjf¦¡Ò¥KÑ{iLÒÕ6Ñ
¯
¡[Ñ
Ö
ÎÑ{× Õ|hRÎ¨hji¨Ñ9Ñ{ÓÑ
Ö
ÎiÒﬃÔjd
Ö
Ø¶ÚLÒm×jhRÓÑØ
¥	dÓgÓ£%ÓÓgÒU¥YÎÐjÑ6hjØ¨ÑWÒÕàß[ÑTÎ¨ÎÑ{i*£%ÓgfﬃÒﬃi¨dÎÐjÚLØë¥	Ðjd
Ö
Ð
Ö
£%ÔËÎÐjÑ{ÔËÐ(£
§
ÑF£¤ÐjdfﬃÐRÑi
Ö
ÒﬃÚL¡jÓÑ
¯
dÎ)ä
l
ª
ÐjdgÓÑEÎ¨ÐjÑiÑÐ(£
§
ÑFß[Ñ{ÑÔØ¨Ñ
§
Ñ{i£%ÓÎÑ{ØÎ¨Ø
ÒÕØdÔjf%ÓÑwÛyÜÝãÜÞ
²
³^³
ÚÒO×jhjÓgÑØëOÎÑ{ØÎ	ÚLÑ£%Øhji¨Ñ
â
ÚLÑÔ/ÎØ¥	dgÎ¨Ð
Ö
£%Ógdßji¨£ÎÑ{×¼£%Ôj×
Ö
ÒﬃÓgÓdÚ£Î¨Ñ×¢ØÒﬃhji
Ö
ÑØ¤£%iÑLØÎdgÓÓeÔRÑ
Ö
Ñ{Ø¨Ø¨£%iä¼Õ|ÒﬃiWÎ¨ÐjÑL£%ÓdgfﬃÔjÑ×
ï
â
è
ÓhjØÎÑi{ëdgÔÒﬃi×jÑiÎÒW×jÑTÎÑ{i¨ÚLdÔjÑK£%Ôj×È×jÒ
Ö
hRÚÑ{ÔÉÎÎÐjÑK¡ji¨Òﬃ¡ÑiÎdgÑØeÒÕ(ÎÐjdgØeÔjÑT¥ ×RÑ{ÎÑ
Ö
Î¨Òﬃi
ØäOØÎÑÚ
l
ÒÓ
  ¤Ö
°
Ùﬀ
 ﬁﬃﬂ "!$#%ﬃ&('*) ,+-
²
Ô.gÔ
â
ßÑ£%Ú Ñ
¯
¡Ñ/0.ÚLÑÔ/Î¥£Ø©¡Ñ/Õ|Ò1/¨ÚLÑ×AÎ¨ÒÎ¨ÑØÎÎÐjÑÛÜÝKÜÞ
²
³à³32
Ñ4/¨Ú£%Ô.65jÚÊÚÒ
â
×5jÓgÑØ.Ô
Ö
ÒﬃÔ8705jÔ
Ö
Î9.gÒﬃÔ9¥.gÎÐÎÐRÑ¤ù
ô:
â
Ü
®jÍ
³
¼ô
ÁÁ[²
è
.gÔ4£;/Ñ£%ÓÑ
¯
¡Ñ/0.ÚLÑÔ/ÎP£ÓØ¨Ñ{Î5j¡
£%Ôj×zÎÒ
Ö
ÒﬃÚL¡(£</¨Ñ]ÎÐRÑÒ1/Ñ{Î9.
Ö
£%Ó
Ö
/¨ÒﬃØØØ¨Ñ
Ö
Î.ÒﬃÔC¡=/¨Ñ×=.
Ö
Î.ÒﬃÔRØ©Õ|Ò1/©Ø.gÔ
2
ÓgÑ
â
ÔRÑ5RÎ/¨ÒﬃÔ Î9/£ÔjØÕ|Ñ4/
/¨Ñ£
Ö
Î.ÒﬃÔRØ¥.gÎÐÑ
¯
¡Ñ/0.ÚLÑÔ/ÎP£%Ó#×(£ÎP£?>
°
¥´Ò«Ø.gÔ
2
ÓgÑÚÒO×5jÓgÑØÒ%ÕÎÐjÑÛÜÝKÜÞ
²
³à³@2
Ñ4/¨Ú£%Ô.65jÚ £A//£äË¥´Ñ/Ñ,5jØÑ×B>mÜ)ÔÎÐjÑFÚLÑ£
â
Ø5=/¨ÑÚLÑÔ/Î¨Ø¶ÒﬃÔjÓgä¼ØÎP£%ÔR×(£</¨× Ñ{ÓÑ
Ö
Î9/ÒﬃÔ.
Ö
Øëà¥	Ð.
Ö
ÐC×.×ÙÔjÒ%ÎÈ¡Ñ/ÚC.Î©Ø¨Ñ
2
ÚÑ{ÔÉÎ
Á´®O²
ë¥´Ñ/Ñ
£
§
£<.Ó£%ßjÓÑA>
²
ÕÎÑ/ã¼WÒﬃ¡j¡RÓÑ/
Ö
Ò1//Ñ
Ö
Î.ÒﬃÔÎÐRÑD/ÑÓµ£Î9.
§
ÑFÑÔjÑ4/
2
äE/¨Ñ{Ø¨ÒﬃÓ65RÎ9.gÒﬃÔÒ%ÕeÎ¨ÐjÑ¤ØÑ
2
ÚLÑÔ
â
ÎÑ{×
2
Ñ4/¨Ú£%Ô.65jÚ ×jÑTÎÑ
Ö
ÎÒ1/¥K£%Ø´Õ|Ò15RÔj×Î¨Ò¤ßÑDFHG(
 Õ|Ò1/1£
§
ÑÓgÒ
Ö
.gÎ)ä
á
ï¹=> ¹òJI£Î£ÎP£A/
2
ÑTÎ
×.gØÎP£Ô
Ö
ÑFÒ%Õ KoML	û

n o ïNG¹=>ò
Ö
ÚëjÑ
§
ÑÔÎÐjÒ15
2
ÐÎ¨ÐjÑF×jÑ{Î¨Ñ
Ö
ÎÒ1/Ø	¥´Ñ/Ñ¤¡RÓµ£
Ö
Ñ×4£Î*ÎÐjÑFÚLÒﬃØÎ
5jÔRÕ £
§
Ò15/£ßjÓÑ]£%Ô
2
ÓÑjlnpoï

¹ﬁuë#¥	Ð.
Ö
Ð
Ö
Ò1/0/¨ÑØ¡[Ò%Ôj×jÑ×¼ÎÒPO{õ


¹ﬁu>
°
Ð.ØE¥K£%Ø©£%ÔQ.gÚ
â
¡/Ò
§
ÑÚLÑÔ/Î	Ò%ÕÎ¨ÐjÑWÓR.gÔjÑ	¥.×RÎ¨ÐËß/äËÚLÒ1/¨Ñ
ÎÐ(£%ÔË£Õ £
Ö
Î¨Ò1/KÒ%Õ
Ý
£%Ø
Ö
Ò%Ú¡(£A/¨Ñ×ÎÒ¶£ÚLÒO×5jÓÑ
¥.gÎ¨ÐjÒ15RÎØ¨Ñ
2
ÚÑ{ÔÉÎ£Î9.gÒﬃÔ¶£%ÔR×]¥	ÐRÑÔ]ÔjÒ
Á1®m²
.ØS5jØ¨Ñ{×B>Ü)Ô]£WØ.gÚ	5jÓ£Î9.gÒﬃÔ¤¥.ÎÐjÒ15mÎØ¨Ñ
2
ÚLÑÔ/Î
Á1®m²
ÎÐjÑFÓ6.ÔjÑE¥.g×RÎÐRØ
ÒÕÎ¨ÐjÑFÑ
¯
¡[Ñ4/.gÚÑ{ÔÉÎ	¥´Ñ/ÑD/Ñ¡/Òm×5
Ö
Ñ×T>
°
ÐjÑ]ÔjÑT¥ ¡[Ò%Ø.gÎ.ÒﬃÔ
â
Ø¨Ñ{ÔjØ.Î9.
§
ÑÈù
ô:
â
Ü
®jÍ
³
¼ô
Á1Á²
è
×jÑ{ÓR.
§
Ñ/Ñ×z£ËÎ9.ÚLÑ	/Ñ{Õ|Ñ/ÑÔ
Ö
ÑØ0.
2
â
Ô(£%Ó^Õ|Ò1/E¡j£</Î.
Ö
ÓgÑ
â
J
â
Ö
Ò1.gÔ
Ö
.g×jÑÔ
Ö
Ñ©ÚÑ£%Ø5/ÑÚLÑÔ/ÎØW£%ÓÓgÒU¥.gÔ
2
ÎÒ9¡Ñ/Õ|Ò</¨ÚÃJ
â
Ø¨¡Ñ
Ö
Î9/ÒﬃØ
Ö
Òﬃ¡/ä
£Î
§
Ñ/äËÓÒ¥H/¨£ÎÑ{Ø>
°
ÐjÑwJ
â
/¨£ämØ*×RÑ{ÎÑ
Ö
Î¨Ñ×4¥.ÎÐjÒ<5RÎ
£¶ß[Ñ£%Ú ¡(£A/Î9.
Ö
ÓgÑE¥KÑ4/¨Ñﬃ/¨ÑU7Ñ
Ö
ÎÑ×#ëØÒ
ÎÐj£ÎÎÐRÑ*¡[Ñ£
ã
â
ÎÒ
â
ß(£
ÖPã
2
/Ò15jÔj×V/¨£Î9.gÒWß[Ñ
Ö
£%ÚLÑW.gÔj×jÑ¡ÑÔR×jÑÔ/ÎÒ%Õ;ÎÐRÑ*ß[Ñ£%Ú ¡(£A/Î9.
Ö
ÓgÑX/£ÎÑ<>
Y5/Î¨ÐjÑ/ÚÒ</¨Ñ¤Î¨ÐjÑ
ÁÁ[²
è
£%ÓgÓÒ¥´Ñ×¢Î¨Ò
Ö
Ò15RÔÉÎZ.Ôj×.
§
.×5(£Ó^ßÑ£Ú ¡(£A/Î9.
Ö
ÓgÑØ[5j¡¦ÎÒ9£C/£Î¨Ñ
Ò%Õ(G¹
3
¡(£</Î9.
Ö
ÓÑ{Ø]\ØÑ
Ö
>_^
ÑÔ
Ö
Ñ¶£%Ô¦Ñ£%ØäÚLÑ{Î¨ÐjÒm×ÎÒ×jÑ{Î¨Ñ/¨Ú`.ÔRÑÈ£%ßjØÒﬃÓR5mÎÑ
Ö
/¨Ò%Ø¨ØEØÑ
Ö
Î9.Ò%ÔjØ
¥K£%ØÈ£
§
£<.Ó£%ßjÓgÑ<>
²
Ø¤ÎÐRÑ«Ñ{·
Ö
.ÑÔ
Ö
äzÒ%ÕÎÐRÑ
ÁÁ[²
è
£î[Ñ
Ö
ÎÑ×zÎÐjÑØ
Ö
£ÓÑ/©¥	Ð.
Ö
Ð
Ö
Ò15jÔ/Î¨Ñ×
ÎÐRÑ©¡j£</Î.
Ö
ÓgÑØ	£%ÔR×Î¨ÐjÑ
Ö
Ò1.gÔ
Ö
.g×jÑÔ
Ö
Ñﬃ5jÔ.gÎ	Ñ4ßa5(£%ÓÓäﬃëRÎ¨ÐjÑFÚÑTÎÐjÒO×9¥£ØE£%ÓgØ¨ÒV.ÔR×jÑ¡ÑÔj×RÑÔ/Î
Ò%Õ^ÎÐjÑ
ÁÁ[²
è
Ñ{·
Ö
.gÑÔ
Ö
ä1>
Ý6Ñ45RÎ9/ÒﬃÔ
â
¡.
ÖPã
5j¡ë¡/Ò%ÎÒﬃÔ
â
¡.
ÖPã
5R¡A£%Ôj×¢£LÕb5jØ0.ÒﬃÔ
â
Ñ
§
£%¡Ò1/£Î9.Ò%ÔE/Ñ£
Ö
Î9.gÒﬃÔ4¥.ÎÐ


è
¥´Ñ/Ñ
éëdcﬀë æ
ð
çÚèKç:egf
î#òñíà
çÍæ:ç

æ¢çheWñ]ç è
îó
ç
ì
æ GJI
ÒﬃßjØÑ/
§
Ñ×¥	ÐjÑÔ£
è
¼

ÎP£A/
2
ÑTÎ¥£Ø[5RØ¨Ñ×T>m¼Z5jÑEÎÒ¶×=.gî[Ñ/¨Ñ{Ô/ÎfJ
â
ÓR.gÔjÑEØÐ(£%¡ÑØ(.gÎK¥£%Ø*¡ÒﬃØ
â
Ø.gßjÓÑ*Î¨Ò¤×.gØÎ.Ô
2
5=.Ø¨Ð]ßÑ{Î)¥´ÑÑ{Ô«Õb5jØ.gÒﬃÔ£%Ôj×«¡=.
ÖPã
5j¡B>
°
ÐjÑ.×jÑ{ÔÉÎ.½
Ö
£Î9.gÒﬃÔ]Ò%Õ#Î¨ÐjÑ	Ô
â
¡=.
ÖPã
5j¡
Ö
Ð(£%ÔRÔjÑÓi/¨ÑQßa5.6/¨Ñ{× Ñ.gÎ¨ÐjÑ/
ã
ÔjÒ¥	ÓÑ{×
2
ÑËÒ%ÕKÎÐjÑ¡
â
Î/£%ÔjØÕ|Ñ/¤¡/¨ÒO×5
Ö
ÎÈÒ1/©ÎÐjÑ
Ö
ÒﬃÚL¡(£</0.Ø¨Ò%Ô
¥.gÎ¨Ð¶£EÚLÑ£%Ø05/¨Ñ{ÚÑ{Ô/Î¥.gÎ¨Ð]£Eì,ÞKÑKÎ£</
2
Ñ{ÎÒ</eÎÐjÑK×jÑ{Î¨Ñ
Ö
Î.ÒﬃÔÒ%Õ(ÎÐjÑK¡/¨Ò%Î¨ÒﬃÔB>
°
¥KÒÚLÒm×RÑÓØ
¥´Ñ/¨ÑC5jØ¨Ñ{×ÙÎÒ4¡/¨Ñ{×.
Ö
Î¤Î¨ÐjÑLÔ
â
¡.
ÖPã
5j¡
Ö
/ÒﬃØ¨Ø¤Ø¨Ñ
Ö
Î9.gÒﬃÔÙÒÕKÎÐRÑ½/ØÎ¤Ñ
¯mÖ
.ÎÑ×ÙØÎP£ÎÑLÒ%ÕÎÐRÑ
]^
Û
3T®
ë
!­r®
Þ¡j/¨Ñ£
Ö
Î.ÒﬃÔB>
°
ÐjÑ4ÚLÒO×jÑÓëe¥	Ð.
Ö
Ðj5jØ¨Ñ{× Î¨ÐjÑ4ÓgÑ
§
ÑÓ	ÑÔjÑ4/
2
ä £Ø£AÕb/¨Ñ{Ñ4¡j£</£
â
ÚLÑ{ÎÑ4/ë#äk.gÑÓ×RÑ×%G¸ﬃ¹ËÚÈßë¥	ÐRÑ/¨Ñ£%ØFÎÐjÑ]ÚLÒm×jÑ{Óë¥	ÐjÑ/Ñ]Î¨ÐjÑ]ÓÑ
§
ÑÓÑ{ÔjÑ/
2
ä¦¥K£%Ø/½
¯
Ñ{× Î¨Ò
.gÎ¨ØÑ
¯
¡Ñ/.gÚÑ{Ô/ÎP£%Ó
§
£%Ó65jÑ%ë%äk.gÑÓ×RÑ×PG¹JIWÚÈßB>
²
ÔLÑ
¯
¡[Ñ4/.gÚÑ{ÔÉÎ£%Ó
§
£%Ó65jÑ*Ò%ÕSGlI%¹
Û


ÞeÚÈß¶¥K£%Ø
ÒﬃßjØÑ/
§
Ñ×T>
°
ÐjÑ ì ÞKÑ6Î£</
2
Ñ{Î
2
.
§
ÑØ
Ö
ÒﬃÚL¡jÓÑ{ÚÑ{Ô/ÎP£</ä;.ÔRÕ|Ò</¨Ú£Î9.gÒﬃÔ¶£%ßÒ15RÎ1ÎÐjÑ
ÔjÑ45RÎ9/ÒﬃÔ
â
¡=.
ÖPã
5j¡m/Ñ£
Ö
â
Î9.gÒﬃÔB>Ü)Ô £%×j×.Î9.Ò%Ô¢Ø¨Ñ
§
Ñ4/£%ÓÒ%Î¨ÐjÑ/EÔk5
Ö
ÓÑ4.£</ÑÈ¡[Ò%¡5jÓµ£ÎÑ×T>=Ü¬Îg.gØ
§
Ñ4/äAÐjÑ{Ó¡RÕb5RÓÎÒ9Ðj£
§
Ñ]£
Ø.gÓR.
Ö
ÒﬃÔ«Î¨ÑÓgÑØ
Ö
Òﬃ¡ÑF£
§
£<.gÓµ£%ßRÓÑ	ÎÒ¶×jÑTÎÑ
Ö
Î	ÎÐjÑÓ6.
2
Ð/ÎW/Ñ£
Ö
Î9.gÒﬃÔ9¡/¨ÒO×5
Ö
Î
£%Ôj×9ÎÒ¶×=.ØÎ.Ô
2
5.ØÐ
ßÑ{Î)¥´ÑÑÔ4ÎÐjÑF×.î#Ñ4/¨ÑÔ/Î/Ñ£
Ö
Î9.Ò%Ô
Ö
Ðj£%ÔjÔjÑ{ÓØ>
°
ÐjÑ	.gÔ
â
ßÑ£Ú Ñ
¯
¡Ñ/.gÚÑ{Ô/ÎEÎÒ
2
Ñ{Î¨ÐjÑ/
¥.gÎÐÎÐjÑ¤Ø.gÚ	5jÓµ£Î9.Ò%ÔjØëj¡=/¨Ò
§
Ñ{ÔAßÉä4Ñ
¯
¡Ñ/0.ÚLÑÔ/ÎP£%Ó
ÎÑ{ØÎ¨ØëÐ(£%Ø
Ö
ÒﬃÔﬀ½/ÚÑ{×+Î¨Ð(£Î.ÎQ.ØA¡ÒﬃØ¨Ø0.ßjÓgÑCÎÒﬁ.gÔ
§
ÑØÎ9.
2
£ÎÑéÑ
¯
Ò%Î.
Ö
Ôa5
Ö
ÓÑ.È£Î ù6ô:
â
Ü
®jÍ
³
¼ôn5RØ.Ô
2
¡.
ÖPã
5j¡/¨Ñ£
Ö
Î.ÒﬃÔRØ£%Ôj×¦Î¨ÐjÑÛÜÝãÜÞ
²
³à³
J
â
/¨£ä¢Ø¡[Ñ
Ö
Î9/ÒﬃÚLÑ{ÎÑ4/>
ª
ÐRÑÔ
ÛÜÝKÜÞ
²
³à³
.ØÕb5jÓÓä¶Ø¨ÑTÎ(5j¡9£%ÔR×9£
è
¼

Î£</
2
Ñ{ÎK¥.ÎÐ«£%Ô9£</Ñ£%Ó×jÑÔRØ.gÎ)äLÒ%Õ^¹?>oIFÚ
2
\
Ö
Ú

.Ø[5jØÑ×ëp.gÎ
¥.ÓgÓÎP£
ã
Ñ
Ý
¹]ÐjÒ15/Ø6Î¨ÒË£
Ö{Ö
5jÚ	5RÓµ£Î¨Ñ/¹%¹
Ö
Ò<5jÔ/ÎØq.gÔ¦£½/¨ØÎEÑ
¯RÖ
.gÎ¨Ñ×¦ÓgÑ
§
Ñ{Óe£Î
G}Û4Ñ{÷ £%Ø¨Ø05jÚ`.Ô
2
£¶¡(£</Î9.
Ö
ÓÑg/¨£ÎÑFÒ%ÕXG¹~
¡(£</Î9.
Ö
ÓÑ{Ø]\ØÑ
Ö
ë£%Ô4£%ßjØÒﬃÓR5mÎÑ
Ö
/ÒﬃØ¨Ø
Ø¨Ñ
Ö
Î.ÒﬃÔÒ%Õ
G¹ﬃ¹¶ÚÈß#ë(£%Ôj×4£ÈÕb5jÓÓøÛyÜÝãÜÞ
²
³^³
Ñ{·
Ö
.gÑÔ
Ö
äÒ%ÕWG
r>
Ü)ÔzÎ¨ÐjÑ½/¨ØÎÈù6ô:
â
Ü
®jÍ
³
¼ôÏÎÑ{ØÎ¤Ñ
¯
¡[Ñ4/.gÚÑ{ÔÉÎÒﬃÔjÓäA¡(£</ÎØÒÕKÎÐRÑËù
ôh
â
Ü
®jÍ
³
¼ôå×jÑ
â
ÎÑ
Ö
Î¨Ò1/
£%Ôj××(£Î£L£
Ö
ßa5.Ø0.gÎ.ÒﬃÔ9ØämØÎÑ{Ú=Ð(£
§
Ñ©ß[Ñ{ÑÔE5jØ¨Ñ{×B>Ü)Ô¢£¶ØÑ
Ö
Ò%Ôj×4Î¨ÑØÎ
Ñ
¯
¡Ñ/0.ÚLÑÔ/Îë
ÎÐRÑLÕb5jÔ
Ö
Î9.gÒﬃÔ(£%Ó6.gÎ)ä4Ò%Õ*£ÓÓ×jÑTÎÑ
Ö
ÎÒ</¤ØämØÎÑ{ÚØ£%Ôj× ÑÓÑ
Ö
Î/¨ÒﬃÔ.
Ö
Ø¥.ÓgÓßÑLÎ¨ÑØÎ¨Ñ×Ù£ÎDsCtÒ%ÓÔB>
°
ÐjÑWÑ{ÔjÑ/
2
ä`/¨Ñ{Ø¨ÒﬃÓ65RÎ9.gÒﬃÔË£ÕÎ¨Ñ/k¼WÒﬃ¡j¡jÓgÑ/
Ö
Ò1/0/¨Ñ
Ö
Î9.gÒﬃÔË£Ôj×«ÎÐRÑEÒ
§
Ñ4/£%ÓgÓ[ÑT·
Ö
.Ñ{Ô
Ö
.gÑØ´¥.gÓÓ;ßÑ
ÚLÑ£%Ø05/¨Ñ{× £%Ôj× ÎÐjÑL¥	ÐjÒﬃÓÑ]ØämØÎÑ{Ú ¥.ÓgÓßÑ«Òﬃ¡RÎ.Ú`.Tâ{Ñ× £%ÓÓgÒ¥.Ô
2
£Õ £ØÎ©Î9/£ÔjØ.Î9.Ò%Ô¼Î¨Ò
Ü
®jÍ
³
¼ôI£Î
è
ôùKÝD>
°
ÐjÑ9Õ|Ñ£Ø.ß=.ÓR.Î)ä Ò%ÕãJ
â
/£äCØ¡[Ñ
Ö
Î9/ÒﬃØ
Ö
Òﬃ¡/äéÑ
¯
¡Ñ/.gÚÑ{Ô/ÎØ¶¥.gÎ¨Ð Ñ
¯
Î9/¨Ñ{ÚÑ{Ógä ÓgÒ¥
â
.Ô/Î¨ÑÔjØ0.gÎ)ä
ßÑ£%ÚLØÐ(£%ØßÑÑ{ÔL×RÑÚLÒﬃÔjØÎ/£Î¨Ñ×B>
°
ÐjÑ	ß(£
ÖPã
2
/¨Ò<5jÔj×LØ5j¡j¡=/¨ÑØØ.gÒﬃÔß/äÈÎ.ÚLÑ
Ö
Ò1.Ô
Ö
.×jÑ{Ô
Ö
Ñ{Ø
£%ÓgÓÒ¥	ØÎ¨ÒØ¨Ñ¡j£</£Î¨ÑÎÐjÑkJ
â
Î9/¨£%ÔjØ.Î9.gÒﬃÔjØÕb/ÒﬃÚ+ß(£
ÖPã
2
/Ò15jÔj×dºﬃÎ¨ÐjÑÒ</¨Ñ{Î.
Ö
£%Ó
Ö
£%Ó
Ö
5jÓµ£Î.ÒﬃÔRØ
Ö
£%Ô
2
.
§
ÑLÑØÎ.Ú£ÎÑ{Ø©£%ß[Ò<5RÎ¤Î¨ÐjÑLÑ
¯mÖ
.ÎP£Î.ÒﬃÔ ÑÔjÑ4/
2
.gÑØ¤£%Ôj×
Ö
/¨Ò%Ø¨ØØÑ
Ö
Î9.Ò%ÔjØ> Ü¬Îu.Øu.ÚL¡[Ò1/ÎP£%Ô/Î
ÎÒÔjÒ%Î¨Ñ%ë;ÎÐ(£Î
ÎÐRÑ}ßa5(£%Ó6.gÎ)äÒ%ÕÎ¨ÐjÑØÑÈ¡/Ñ×.
Ö
Î9.gÒﬃÔjØ	¥.ÓgÓ×jÑ
Ö
ÓR.ÔRÑ
Ö
ÒﬃÔjØ.g×jÑ/¨£%ßjÓä9Õ|Ò1/6Ôa5
Ö
ÓÑ4.
Õ £</
â
Ò%îçÎ¨ÐjÑ
§
£%ÓgÓÑTä Ò%ÕWØÎP£%ß=.ÓR.Î)äﬃë:5RÔjÓÑ{Ø¨ØÎ¨ÐjÑÑ
¯
¡[Ñ4/.gÚÑ{ÔÉÎ£%Ó/¨Ñ{Ø5jÓÎØ«Ò%ßRÎP£<.gÔjÑ× £</Ñv.gÚ
â
ÚLÑ×.£ÎÑ{Ógä%/¨Ñ4.Ô
Ö
ÓR5j×jÑ{×ﬀ.ÔIÎ¨ÐjÑ¢Î¨ÐjÑÒ1/Ñ{Î.
Ö
£ÓEÚLÒm×jÑ{ÓØ4>
²
Ø«ÎÐjÑ¦Î¨ÐjÑÒ</¨Ñ{Î.
Ö
£%Ó6¡=/¨Ñ×=.
Ö
Î.ÒﬃÔRØ
Gò
ðKå
ñOæ:ç]èêéﬁë
*òfìÑíãAîTòfìW
¥.ÓgÓ=.gÔﬀà5jÑ{Ô
Ö
Ñ	ÎÐjÑ	¡/Ñ×.
Ö
Î¨Ñ×Lß[Ñ£%Ú Î9.gÚÑX/¨ÑQßa5.6/¨Ñ{ÚÑ{ÔÉÎ¨Ø1£%Ôj×]ÎÐjÑ	Ñ
¯
¡Ñ/0.ÚLÑÔ/ÎP£%Ó/ÑØ05jÓgÎ¨Ø
¥.ÓgÓw.Ôﬀà5jÑÔ
Ö
Ñ©Î¨ÐjÑÚLÒO×jÑÓgØë;£
Ö
ÓÒ%Ø¨Ñ
Ö
ÒOÒﬃ¡[Ñ4/£Î.ÒﬃÔßÑ{Î)¥´ÑÑÔ¦Î¨ÐjÑÒ</ä£%Ôj×4Ñ
¯
¡Ñ/.gÚÑ{Ô/Îq.gØ
ÔjÑ
Ö
ÑØØ£</äÕ|Ò1/	ù6ô:
â
Ü
®jÍ
³
¼ô Î¨Ò«£
Ö
Ð=.Ñ
§
ÑÎÐjÑ
2
/Ñ£Î¨ÑØÎ
Ø05
ÖÖ
ÑØ¨ØE¡[ÒﬃØØ.gßjÓÑA>
xÐ:y Ì ÐÑÉ{z ÆóÁÃÂ À}|
ö
è
ô1ùKÝ

ï
ø
è
ôùKÝ
²
¡j¡jÓ6.
Ö
£Î9.Ò%Ô
®
Ò%ÕÎ)¥K£</¨Ñ
ä
/¨Ò15R¡
~
ç
åì
æ *ëdcﬀõfnD*4l*D9Ł9o *A_?RrA=l æpklë
è
ôùKÝ¤ë
ä
ÑÔRÕ!ëBG
ﬁ
ï
ö
è
5jß
ﬁ
ø =>
è
5Rß¢Ñ{Î[Ó>
å
ñ*l9 låñ1ñ
åu¡ ¢
l£?R?¤J]fñ:8¥b]b£A_
¡
<¦]p
èZŁa=këWÝ5
Ö
Ó>Ü)ÔjØ¨§9/>;úÇÛv©4§ªB>«ë§¬Lßp©ﬃ­5jß®6.Ø0ª©×
ö»¼Z©ß¯1¯ø s;>¼Z©{ß_©4/0§9.6°E<°j×ùu>
ä
>^©4®Ú`©/
~
A`m<f?A_[eZf]Ł±,Ah4l¦lrlU±V²h³D]`4l_pal*´Dl4lUl{ë
Ý[¬1/0§ªv^[¬1®R®R<°j×Pµh5jß®6.Ø0ª.R°
2
è
¬%ÚC­A°Éä%ë«EÚLØ0§©/¨×%Ú4ëTG

¯1¯
ö»¼Z/5
ð
G{ø ¶·> ô(>m¼Z/5jÚLÚC¬<°j×P<°j×v=>d¸>ÛE¬1®R®
ð
k
¡
8b]0	R@?W8_
~
èqJa=lD**l0ë:<¬15/>S¬<¹(«­­®>
µhª/äOØ>ëº<¬1®R5RÚC©w
Ý
ëÝ¬EG
ï
ëBG

ð
Gﬃë­
2
©uI1I1I~ò
öþôßp©

ð
ø =>(ôßp©/¨§9ªE©4§<®>ë
D* l]bŁTr]pD
¢
Ł¤JP9p
~
rlUlUl
¢
l
¢
=<¦C¤aAC-<f]Ł±
A0]Ł±=ëµh/¬
2
>.R°EµS</0§>;úÇÝ5=»®>µhª/äk¼>ëº1¬1®65½C©
ï
¯RëBG
ﬁ
ð
ë­
2
©
Ý

ö
ä
5=§

òø ¼	>
ä
5=§
ã
°=©»]ªJ§;¾ ô]áEùñÜ¨¿aÀu¿yÛ¢ôÁ¿ﬀáEù
ôÁ¿jÞTë
î
D:<0Â±Cl_4]p9=blW
¢
³p[=l4lUlX]U±A6ëJ­/0.6ºAA§©W»¬1½`½	5
â
°.6»¥A§.R¬1°#ëTG
ﬁ
ò
öÃY .R/

òø ùﬃ>[Þ>ÄY .6/©4¼0§9¬<°©`¾©4Å.6§¬1/PÞ
æÆAbg
¢:î
¦k¦h9ëp<¬1ª°P¶Ç.R®6©{äËúÈ¿?¬1°=¼ëÝ©ŁÉ£ÀÁ¬1/
ã
G
ﬁ
ò
öÃY .R¼

ð
ø
è
>Y .6¼»]ªÉßp©»
ã

_U]0¥k¨³p<=¤?]ﬀÊ<<
å
T¦¨³p l9³89£9`¦¨³
¢
a¨³3¦9¤Jr]f
G
ð
GJ¯
ö÷îöYí îTò
~
è
å
ñ
ðVË
]9
óîìKîö÷åíøí
~
]fD*]ÌpUl{ë¼Z.6­®R¬1½C</ß_©4.6§ë4¸ ÛáÚÛ%t5=°»]ª©°#ë
Û%t5°=»]ª©°ëwG
ﬁ
ð
ö
ä
/0¬

%ø
è
ªB>
ä
/¬<Í1½-A°°P<°ÅE^D>
âvä
>(ù¬?¬<¼
ì
<P96ÌBA¥]69 Z6Î´9Ł]pAÂ¤J9¨³p<=¤=9ë÷©/0®M
2
Þ>
ä
>AÏÐ©5=Ñ°©/{ë
¿k§5=§§
2
</¨§ëBG


ö
ä
5°

ð
ø
è
>
ä
5°Å
çh6¤?]¦¨³
¢
9 9ÒÊ<²h]
¢
a¨³ Ł¤Jr]pb]¥U] ñh¦kkÂ±1:] 9R_9
óîìKîö÷åíøí%¡
A¥9
ó
kp<6ëA¼Z.R­®6¬1½-A/Ñp©.6§ëÛÄlÓ
â
µh®M<°»
ã
â
ÜU°¼0§.6§95?§
¹]t5/(sg©4/°­ª/äk¼.
ã
ë_^[©.6Å©®6Ñ_©4/
2
ëBG
ﬁ
ð
öÃ^q<Ñ

%ø ¼	>^<Ñ¼©4§<®>
èaabAal *
ö
Ł8ôç Ô1:]0Rr]pi=
î

òfí
wçÕ
¡
k<blPÆDÔ9?*
Ap_lŁln]A
¢
]	¦Ła*blC
¢
0Ôpa;_a]9	ë:èãç:egf
î

òfí
wç	ë
è
ôùKÝ Ü¨¿
è


âÖ
IAºAÜ¨¿
è
µÚò1¯më
öÃ^q<»

ï
ø ¶·>^<»
ã
Ñ5¼0»]ª
î
U]]? *
íu×
l¥<?¤Ø¤J¦lÙ?9ﬁŁ¨³²:J¨³TÆ=]¦lÊ19
~
b]¨³p<?¤JU±9Pë
÷©4/®M
2
Þq>
ä
>ÏÐ©5Ñ=°©/{ëT¿a§95=§0§
2
</¨§ëwG

ï
öÃ^5°

Ö
ø ¿_>^5°
ã
®6.R°
2
©4/
çhR
¢J×
A³¥<?¤v6@a,ÚT]Ì
×
l:]T³<±=RÌ;ëà÷¬1/®6©¼05°
2
¼0¼
ã
/.6­=§-¾/©4­/.6°J§¦ÛTë
á[°.6º<©/¼0.6§*tA§[^©4.RÅ©4®RÑp©/
2
ë^©4.RÅ©4®RÑp©/
2
ëTG
ﬁ
Ö
öÜ1<»¥¯=G{ø
è
>p1<»4¬1Ñ.6°.B©4§<®>
çh4lŁl}a
¢
£ *]k]Â±{A_{JRÎS< lÂ±RÝ¤=]0mA=<ërµhª/ä?¼4>
ù©4ºp>mÞEë=º<¬1®R5=½C©
Ö
RëmÝ¬
Ö
ëBG

¯=Gﬃë­
2
©VG*Þ=G
öÜ1<»¥¯
ï
ø =>¼	>1<»
ã
¼¬<°
ßg86Ł¨³_Ãçh]ÌpŁk<±=A`RÌ;ë
Ö
°Å ©4Å.6§.R¬1°ë ÷©4/®M
2
¶à<®6§©/NÅ©
ä
/5Räa§©/ëmÞi©/®6.R°ë_G

¯
ï
öÃsﬃ°=¬J¯

ø
ä
>áYi>sg°¬1®6®
èaaM=bl-lU**rA_	P¦A¥AŁ]r]pë=<¬<ª°C¶Ç.6®R©{ä¶ú·¿?¬1°¼{ëAÝ[©4É
ÀÁ¬1/
ã
ëBG

¯

ö÷îöYí îTò
~
è
å
ñ
ðVË
G

öÃsCtA­

¯ø YX>sCtA­­_©4®R©4/(©4§<®>
¡
<0Ł9_Dâgk]uR
ì
a]¦A
å
Ł¦T³<±09	Ap{ç Ô<h96P9_A
å
Tf
T¦Aa¨³_9ëJ«°°a5B>Éù[©Łºp>Ý5»4®>JµS</0§>a¿?»4.>ë<º1¬1®65½`©YJ¯RëG
ﬁ
¯RëA­
2
©gG
ð
I
öÃ¸´©4°

¯1ø ^u>¸w©°¼0ã<©	A°Å
ä
>¿?»]ª=/.R©4Å©/
ñhŁkÆAR=¤m³_W¥¥k*<¦Z
¢
0ÔpaWpk]b] Æ4±Q9A
¢
]X¦Ła*blëOôh5/4>
µhªJäk¼>_<¬15/4>«,å=º<¬1®R5½`©
Ö
åmÝ[¬EG<åwG
ﬁ
¯=å?­
2
©sG
öÃ¸´©4°

¯<Ñmø ^u>¸w©°¼0ã<©
ì
lŁlf09A
¢
9%9Łl0@Ł4lbl
¢
lﬀ³_«]^,¾æ
3
¿_åÜæç¦¿Û­ÈŁ¦allBå
­/0.6ºAA§©Z»¬1½`½	5°=.R»¥8§9.R¬<°BåTG

¯
öÛv.Rª

¯ø ¸h>mÛv.6ª<.6®R©¼0»5
æÐ³_(RDhlAp[
¢
³_q]±=A´lb]p=lCR
ð
ñ
~
Z=l4lUl
¢
*
¤k8C-<f9Ł±P]a¨ÌaR?¤åJÏKÛ¢ù á¼©4/i½`©©Ł§9.6°
2
¬<°
ä
<½`½-8è)ù¥äDÏS/<»]ã1è
.6°
2
Å©4§©»Ł§9¬1/0¼åpµ <Å=¬lºA=åpéZ»Ł§¥>wG
ﬁ
¯
öÛv5ã
ð
òø Ïg>Ûv5=ã<¬*äJ<½C
èA=¤=Ý
¢
çb*Ł*Ap ñ*Łl=å Ý5»4®>¢ÜU°¼0§/> ú Ûv©4§ªB>Âå
º<¬1®R5½`©;G*ê=åTG

ð
ò=å­
2
©`G
Ö
I
ö»Ý©5
ð
êø «D>Ý©45ã<©4/½C<°¼<°Å
ä
>á¿_>sg.R°=¬
ó
¦A¥AŁ]r]pC
¢
³_çh4l¦lìëT]b?9Â±fÚS]b
¡
³A]a*9Rb]m6
~
]0mA=< AR?¤í
ì
*² æp¨³bî=k*åXµªJäk¼>Wï[©Łº_>kÞqåº1¬1®65½`©
ð
å
Ý[¬ò?åBG*ð
ð
ê?å­
2
©
Ö
ò<ð1ê
ñ
µ <®Rð
ð8ò
¸h>µS<®MA¹b¬¥Ó
åêì
¥²·ó*³_k
¢
l`³_;D*9`R=là
¢
³pçhpU±@ôl0bl@
¢
J_f9Ł± R;õô
~
ÁD**l0ÆŁ±
¡
<0Ł9_wô<6Ł
å
Aö±0R4å1µhª¼3§9ª=©¼.6¼
A§]ÛÄ8Óaèµh®MA°»]ã1èÜU°¼¨§9.6§5=§¹¦t5/hsg©/0°­ªJäk¼.RãVA°ÅC÷X/9<°ﬀ½©®RÅá[°.6º<©/¼0.6§Uä<å
^[©.RÅ=©®RÑp©/
2
\1÷X/<°ﬀ½©4®RÅBå_G*ð1ð
ð
ñ
ï<5¯
Ö
ò
Ïg>Ã¶·>ïA5Å¬1/¨¹ ©Ł§qA®>
ô<6Łø0³:jA_0R¦l6P%a6¥0UÆ==*¦A*<=l=
¢
làõqô
~

4AlÔ?AÁlUlUl4å:Üùùù"ÏÐ/9<°¼4>S¬<°Ý[5»®>Ð¿?».>6åBº<¬1®R5½`©
Ö
ð=åøÝ[¬úG1å
G*ð<¯
Ö
å=­
2
©
ð
ò<û
GlI<Þ
ö÷îöYí îŁü
~
è
å
ôõ
Ë
ñ
ï[©
2
ð
ò
ò
¸h>ï©
212
.M<°.
æÐ³_
å
6ŁkŁŁ?±C
¢
³_ÁõgkfõﬃlbhZ0
¢
ëT]b?9Â±,R
~
*å1<¬15/4>1µhªJä?¼4>
÷Xª©4½v>¿?¬1®R.6Å¼å?º1¬1®65½C©ﬃê
ð
åBG*ð
ð
ò=å­
2
©
Ö
ð1ê
ñ
ï[©
2
ðﬁð8ò
¸h>ï©
212
.M<°._©4§<®>
õglia
¢
S *]k]Â±;6,¤=9-AAvå8µhªJä?¼4>Jï©4ºp>Þqå8º1¬1®65½C©G"ò=å~Ý¬sò=å
G*ð
ðﬁð
å=­
2
©
Ö
ð
¯=G
ñ
ï[©4.Rã*ò
Ö
ò
^u>
ä
>ï©.Rã-<°Åv^D>ï.R¼0ã<©°
Z0
¢
: *]k]Â±mA_
å
6ŁkŁŁ?±P
¢
õﬃkøçh4l¦liR`f
~
]0mA=<Eå
µhªJäk¼>pï[©Łºp>º1¬1®65½C©;G
Ö
ò=åÝ[¬mI?åTG*ðﬁò
Ö
å=­
2
©;G
ð
ê
ð
ñ
¿=<¼]I~ò
ò
¶·>¿?<¼9<ãa.Ð<°ÅÛú>p¿kª.RÑ5?äJ
ç Ô<h96P9_Aç *=]_4Q
¢
³_
å
R¦k¦Ł?±H
¢
õgkçh4l¦lr6
f0Â±1hE¤=9-AAvå<¬<5/>µhªJäk¼>q¿?¬?»A>1<­<°BåWº<¬1®R5=½C©íG1G1ågG¥ðJIò=å
­
2
©;G
Ö
Þ
Ö
ñ
¿?.R©QòJI
ò
sﬃ<.´¿k.R©
2
Ñ<ª°ú¾©4Å.6§¬1/]Û
å
oT³Afý
ö
*<fUýAp
~
8C-<f<èŁ±C<:*¦lŁ4Ł?±Bå?º1¬1®65½C©uG1åAÝ¬1/¨§9ª?è
^[¬1®R®R<°Årµh5Ñ®6.R¼0ª.R°
2
÷X¬1½`­<°Jä<å«q½`¼0§©/Å<½våTG*ðﬁòJI
ñ
¿k§9¬Jð<Þ
ò
=>¿a§9¬k©/[<°ÅEïﬃ>mÞX5®R.6/¼0»]ª
çhR
¢J×
A³¥<?¤þ6 abÈp<r]0RŁ¨³pNó$=³_]-=RÌ
îî
åúê</0Å©Å=.6§9.6¬1°Bå
¿?­=/.R°
2
©/Wß©4/®M
2
å^[©.RÅ=©®RÑp©/
2
åBG*ð<ð1Þ
ñ
¿Aâ©¯=G
ò
¿_>[Ûú>p¿Aâ4©
ôh³<±=9P
¢
9Cbl_klUl`Dl *4]å
Ö
°Å3©4Å.6§.R¬1°Bå:<¬1ª°%¶Ç.R®R©Łä 
¿?¬<°¼åmÝ[©4ÉÁ¬</ãåwG*ð1¯=G
ñ
Ï(ª¬JðJI
ò
^u>Ãè
ä
>?Ï(ª¬1½C<¼
çhp²h¨ÌaA=¤ ]6_]
~
]-A<Cf
¡
A¥99fDl9Ìpl0
¢J×
A ?8
~
A`m<f<:]Ìp¦lP*9 ç

è
üfö÷åíøí
åiß©4/®M
2
¼Z/ms`t¬1¼¨§9©/4åYÞX©4/®6.R°Bå
G*ð<ðJI
ñ
¶@<®Rð
Ö
ò
µÐ>=º1¬1°E¶@A®6§9©4/(<°ÅE«,>ï[<5¼0»]ª
å
õ
~
õÊqÚ A0³f
å

¡
ókp<bW6àë:óç[Æ=<åAÜùùÁùíÏÐ/9<°¼4>?¬<°¹Ý5=»®>
¿?»4.>Âå=º1¬<®R5½`©ﬃê1ð=åÝ[¬VûåwG*ð1ð
Ö
å­
2
©
ðð
ò
ö÷îöYí îŁü
~
è
å
ôÁõ
Ë
GlIkG
ñ
¶à©4.
ò
¼	>=¶ú©.6¼¼0ª1</
µhª¼ §9ª©4¼.6¼åmá°=.6º1©4/¼0.6§lt8§ñâ5$s`t¬1®6°Bå=.6°P­/©4­</98§9.R¬<°
ñ
ÜU«
ò
[èU/9¥äÜU°¼0§/5½`©°J§]8§9.R¬<°E«¼¼0¬?»4.MA§©¼

~
Ú:f
¡
Õ
¡
³Ap]ýiõ[6¤J³j<:4íZÂ¤JA
~
A`mAf]Ł±ø<:*Łlf
rlU]å áZ¿=ùï Ûv<°a5<® <°Å µh/¬
2
/9<½`½`©/ Ûv<°a5<®å
ªJ§§­<8á\1\8É(É(Éﬃ> Ó=.R=>Ü»¬1½
ñ
5®
ð
Þ
ò
^u>áïﬃ>

5®6®R.
2
©/WA°Å¼	>Ã¶·>«.6§9ãA©°
ÚpA_ Úpa*lÇÚpa*íA_ÒÚ_8RJ0±TåÜùùù ÏS/<°¼4>E¬<° Ý[5»®>E¿?».>6å
º<¬1®R5½`©;G
ð
åWÝ¬`ê=å<5°úG*ð
ð
Þ?å=­
2
©`G¥¯
ð
